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� jJq�n{b � iJj_k l���tJehv¡  ehvdvd}~n{bd�<j¢i_b<qse � bdy�v � yh  }�vd�6g
��qs} � bdy�v � yh  }�vd�6g£��}�qsq�np��j£tJ}~n¤w
ehv���np}����6g_npj¥g_n{c��d}~ksg_n{b6iJq¦�

§�i_b
w
�~np}��6g_khn{��}��6gL�dv�¨piJv��©�ehjJt_n4vd}�jJt%w�n{khnpjJv��dehjJt%t_n{b � ��ehvdvd}�vd�6g_npj¦ª<g_n{b6q�y�t_��jJehqs} � « �
w
�~np}��6g_khn{��}��6gL�dv�¨piJv��©�ehjJt_nY�-n{b6t_npjUehiJ�6g¬eh��v��dg_n{b6q�y�t_��jJehqs}�vd�6g_no�8iJv��©�ehjJt_n��8n{¨{np}��6gJj_n{�{��yhc��¦j¢i_b � i_bd¨Yeh��v
�8iJv��©�ehjJt_nh�
�4ehjJj¦qsehj¥vd}~n�khnpjJehi_n{b��6gJe3b6e � ��n{b6}�vd}~n{bdnpj?­ ®{®{® ¯�e��JtJi_b6�6g

B�C�B °<±�V©`hS+R�O�V©²8S8ILT\S8³-Z\H R
¯hn4jJeh�6g´�ehi_µhn{bdnpj%¶-nptJ}�j_k�iJj_khnpj � ehjJj¦np}�j%·¢��v���npq;�hn{b6vd�6gJ}~npt_npj_n��\w
�~np}��6g_khn{��}��6gL�dv7¸7�<�8iJv��©�ehjJt_n4ehjJj_npgJq�npj+�
¹
}~npv�n=��ehvdv�npj¦vd}��6g¥tJi_b6�6g£�-npjJ}~khn=��npjJj_khb��yhµhnpj¥�6gJe3b6e � ��n{b6}�vd}~n{bdnpj+l
º¦»3¼�½�¾Y¿
b��ehiJqs��}��6g � y�jJv��dehjL�{� ehjJv�y�jJv���npj � iJv�k��~np}��6gJv��hyhbdk �ehj_khn=iJjJt¦tJehqs}~�4�fj_y��6g?� � np}�j�w
�~np}��6g_khn{��}��6gL�{�
À4Á?Âf¼�ÃÅÄ�ÆUÇ
�ehi_µhn{bdn4È�e3b6}�e3� �~nh�JtJi_b6�6g¥t_npj¦¶-npg��eh�~��n{b��8npv��d}�qsq=�{�
É8Ê ÁJË-ÃÅÄ�Æ�Ì Ä

Í �8np}8np}�j_npq1w
ehv�}�v��<tJ}~n�ª�np}����6g_npj_¨pehgJ�+ÎÏnp}�j¦vd}�jJjL�hy����~npv¡Ð�e3µ_�
Í y�t_n{b�tJ}~n4Ð%y��~¨pehgJ��ÑÓÒUÎÓÔÕÎ¤Ö��
�-yÓÎ¤ÖYÒ¬×¢® Ø�ÙhÙ-®{®{®+Ú[Û{ØhÜ�Ý{q�y��fÞ « � �3e3k�eht_bdy3¸E��y�jJv��dehjL��nh�

Í y�t_n{b�qsehj¦�8n{��b6eh�6gL��n{�¤Û4q�y��+np}�j_npv�w
ehv�npv{�
iJjL��n{b�§�yhb6qseh�~�8nptJ}�j_k�iJj_khnpj�n{�E�ße�ÙhÙ3�à�J�E�¢  }�vd�6g_n4qse � bdy�v � yh  }�vd�6g_n=Ð%npj_khnh�

á Ä�ÃÅâ�Ä¢»�ã Ê ¼�»/ä
}�q�w
�~np}��6g_khn{��}��6gL�<b��ehiJqs��}��6g � y�jJv��dehjL�{�?ehjJv�y�jJv���npj � iJv�k��~np}��6gJv��hyhbdk �ehj_khns®{®{®
ª�npq� 8n{b6e3�di_b�}�v��ßnp}�j¥¶ßehvd}�v��8n{khb6}æåYt_n{b<ª<g_n{b6q�y�t_��jJehqs} �
v�yÓiJj_khn{c��ehg_b¡�-np}~µ
ç�npt_n{b6qsehj£�ßehv�tJehv<}�v��
}�qèc�y��~khnpjJt_npj¦��}~b6t£}�g_b<¶-n{khb6}æå+vd}�jJgJeh�~�ßvd�6g_b6}~���E�-np}�v�n4 Jb��e3¨p}�vd}~n{bd�
é��i_b�iJjJv�n{b<Ð%y�t_np����v���v���npq�w
ehv<bdnp}��6g_npj¥tJ}~npv�n�ê��8iJv��dehjJtJv��3e3b6}�e3� �~npj+�
¿�ë7äìvd}�jJt¦}�jL��npjJvd}~�hn=�8iJv��dehjJtJv��3e3b6}�e3� �~n l8ç�npt_npv<ª�np}���v���v���npq;gJe3�¤�f}�q1w
�~np}��6g_khn{��}��6gL�Õ�-k��~np}��6g_n�mon{bd��nh�
ÇPëdÎívd}�jJt¥nïî���npjJvd}~�hn/�8iJv��dehjJtJv��3e3b6}�e3� �~n l�vd}~n¤vd}�jJt%tJ}~n�·�iJqsq�n=t_n{b
mon{bd��n�eh���~n{b
ª�np}���v���v���npq�nh��ð7g_b4ñ
i_yh�d}~npjL�
Ç-ÔÕÎò}�v��¡np}�j_n�}�jL��npjJvd}~�hn¤w�b��yhµhnh�?}�j¦t_n{b<  g��ehj_y�q�npj_y��~yhk�}�vd�6g_npj¦ª<g_n{b6q�y�t_��jJehqs} � j¢i_��¨{��qsehj¦yhc���tJehv
Ð%y��~�hy���iJq�npj ó�ÒUÎ¤ÖÅÚ�Ç-ÔÕÎôÒõÇ-Ô3Ñ8�
�8iJv��©�ehjJt_ns��np}�j_npv
w
ehv�npvÕ�ßqs}~�¡k��~np}��6g_npj¦mon{bd��npj¥cÕ�i_b�¿�ë�ó£iJjJt�äìvd}�jJt�k��~np}��6g+�8�8iJv��dehjJt?ÒNöP� ¿�ë�ó ë7ä��6�
§�iJj£n{�E�ßehv�q�npg_b<¨piJq÷¶-n{khb6}æåoª�npq� 8n{b6e3�di_bp�

ø\ùJú�ûÕü ý©þ�ÿ��������7ü ���
	����
�����������3ÿ��¡ü �����7ú���ü ���{þ\û�� �7ü ����û��
��ü ���{þ\ú����©ü �Pý����3ÿ�� ��� ��ü ����ÿ6ý��
�!��ü ���{þ#"
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E
FHGJI�KMLONQPRKTS.URV�WHGXPRKMY[Z

\^](_` KMa,G[K>b _` U.URGXUcS.U5YdG[KTeMfTP.FHGXg.W�F�fTP�hiN1KTj�edGXF�Ulk
\^m KTF�URVQY�jnNQUJoQG[KTeMfTP.FHGXgRGXUphiN1KTj�G ](_` KMa,G[K�F�UJq _N1KTj�G[b ` U5YMN1brYMsBtQe `vu U.gRGXUJw�S.edVBWHGXF�fTP.eda.K `Qx GXeMedGyedYMN1YdY[tQz F�e
z,GXF�gRG|{ VBWHGXF�fTP}hiN1KTj~{ReMF�U.glk�I�KMVQG[z U.F�eiF�edYyGXF�U}q _N1KTj�G[VBWHGXF�fTPRVQG[h�F�fTP5Y � �;S.U.g��nb _` U.URGXU}g.N1z,GXF,g.SRKTfTP.NQS.e
oQG[KTeMfTP.FHGXgRGXUcedGXF�U@�Tk

\�� F�U.g x hyGXF ](_` KMa,G[Ki�dG[hyGXF�W�eJjnFHY�GXF�URGXj�gRKTFHYdYdGXU�F�j�YMPRG[KTjnF�eMfTPRGXU��
WHGXF�fTPRVQG[h�F�fTP5Y[t�e ` eMF�U.g�eMFHG�GXepNQS.fTP
S.U5YdG[KMGXF�U.NQU.gRG[KXk

\ �
NQedG|gRGXP.URGXU~eMF�fTP~z,GXFlI�KMh _N1KTj|S.URV�NQS.ep�OS.U5YdG[Kvb ` U.edYMNQU5YdGXj�E�KTS.fMb.�Tk
E
NQjnFHY
W _N1�QY
eMF�fTP�a.KTF�U x FHa FHGXW�W@L _SRK��dGXgRGXe���NQN1K�o ` U ](_` KMa,G[KTU;j�GXeMedGXUlt,hyGXW�fTPRG[K
h _N1KTj�G[K
F�edY[Z���NQU�z.KTF�URVQYvGXF�URG
gRG u U.FHG[KMYdG��
NQeMj�GXURVQG�z,GXF�VQG[VQG[z,GXURGXj�E�KTS.fMb;G[KTedY�jnFHY�gRGXj�GXF�URGXU ](_` KMa,G[K
F�U.e�YMPRG[KTjnF�eMfTPRGn�
WHGXF�fTPRVQG[h�F�fTP5Y[t
g.NQU.U;jnFHY�gRGXj�NQU.gRG[KMGXU�S.U.gcjnFH�QY��dG[hyGXF�W�e�g.NQe��
NQedo ` W�S.j�GXUlk�E
NQe�VQK _` �QG[KMG|� ` W�S.j�GXU x GXFHVQY
gRGXUch _N1KTj�G[KMGXU
](_` KMa,G[KvNQUlt.z,GXF��
WHGXF�fTP.PRGXFHY>eMF�U.g}eMFHG�VBWHGXF�fTP~hiN1KTj~k
{ h _N1KTj�G[Kd�3b _NQWHYdG[KX{�F�edY�NQW�e ` GXF�URGyj�G[�Qz N1KMG>��KTg.UrS.URVBedKMGXW�N1YMF ` UJF�UJgRG[K��;GXURVQGigRG[K�YMPRG[KTj ` gR��U.NQjnF�eMfTPRGXU � ��edYdGXj�GQt
g.FHG�gRG[K
��KTg.UrS.URVBedKMGXW�N1YMF ` U�{ VQK _` �QG[Kd�3b�WHGXF�URG[KX{.F�UcgRG[Kv�;GXURVQG|gRG[KvKMG[GXW�WHGXU;�,NQP.WHGXU}GXU5YMeda.KTF�fTP5Y[k
��NQU�b1NQU.U�{ h _N1KTj�G[Kd�3b _NQWHYdG[KX{iNQW�e ` g.NQg.SRKTfTP��rS.NQU5YMF u x FHG[KMGXUlt>g.N1�^jnNQU��dGXgRGXj ](_` KMa,G[K(GXF�URG;edb1NQW�N1KMG���K _` �QG
x S ` KTg.URG[Y[t.g.FHGJj ` U ` Y ` Uch _NQfTP.edY[t1�dG�h _N1KTj�G[K�gRG[K ](_` KMa,G[K>h�FHKTglk�E
NQe�F�edYvg.FHG���GXj�a,G[KTN1YMSRKXk
E
FHGXedGpN1z edYdKTN1brYdGp� _` VBW�F�fTPRbQGXFHY�URGXU.U5YvjnNQUcjnNQU.fTP.jnNQW
��S.W�WHYdG[Kv��NQSRa.YMeMN1Y x Z � _SRK��dGXgRGXevYMPRG[KTj ` gR��U.NQjnF�eMfTPRG � ��edYdGXj�G �RF�edYMFHG[KMY>GXF�URG|�,S.edYMNQU.g.edVQK _` �QGQt g.FHGJ��GXj¡�

a,G[KTN1YMSRK>VQGXU.NQU.U5Yvh�FHKTglk�¢£PRKMGp�
WHGXF�fTP.PRGXFHY>F�edY>U ` Y0hyGXU.g.FHVQG�� ` KTNQS.eMedG[Y x S.URVnL _SRK>g.NQe
YMPRG[KTjnF�eMfTPRG;�
WHGXF�fTPRVQG[h�F�fTP5Y x hyGXFHG[K � ��edYdGXj�G ` gRG[K x hyGXFHG[K(��GXF�WHG�GXF�URGXe � ��edYdGXjne[k
� FHGJF�edY>GXF�URGJedb1NQW�N1KMG|��K _` �QGQk

E
NQjnFHY�F�edY>g.FHGJI��RF�edYdGXU x gRG[K���GXj�a,G[KTN1YMSRK>a ` edYMS.W�FHG[KMY[tRN1z,G[KvU ` fTPcbQGXF�URGJ��GXj�a,G[KTN1YMSRKTedb1NQW�N|L%GXedYdVQGXWHG[VQY[k
E
N1L _SRKJVBFHz.Y�GXeJo�FHGXWHGn� _` VBW�F�fTPRbQGXFHYdGXUlk(��GXSRYdG�eMF�U.g¤F�U5YdG[KTU.N1YMF ` U.NQW�U ` fTP�g.FHG(¥yGXW�eMF�S.e£�Mt��.NQPRKMGXU.PRGXFHY£��S.U.g ] GXW¦�
o�F�U.edb1NQW�N|oQG[KMz.KMGXFHYdG[Y[k
§}¨�©0ª «.¬�­�®5¨�¯}­r¯�°[±²­�³�´µ ¬�¨�³�ª�¶
m G[KMGXFHYdGXU � FHG
GXF�URGXU ] SRK x o ` KMYdKTN1V _SRz,G[KioQG[KTeMfTP.FHGXgRGXURGp��GXj�a,G[KTN1YMSRKTedb1NQWHGXU}o ` KXk
�%q·FHGXgRG[KTP ` W�S.URV�I���a,G[KTF�j�GXU5YMNQWHa P5��eMFHb.�
¢£UcgRG[Kv��P5��eMFHb}N1KMz,GXFHYdG[YvjnNQUcjnFHYvgRG[KvN1z e ` W�SRYdGXUc��GXj�a,G[KTN1YMSRK t.VQGXj�GXeMedGXU;F�U ] GXWHo�F�U�� ] �Tk
q·FHK�gRG u U.FHG[KMGXU}eMFHG(�%o ` KTW _NQS u Vr� _SRz,G[K>E�KTS.fMb@t.� ` W�S.j�GXUcS.U.g � Y `1¸ j�GXURVQGJGXF�URGXevF�gRGXNQWHGXU;�
NQedGXe NQW�e

¹»º �l¼
½¤¾ �D¾ ºÀ¿1Á ÂQÃ1ÄBÅ(Æ�¿[ÄrÇ sdÈyÉ] m ` WHY x jnNQU.U�� ] ` U.edYMNQU5YdGQ� �DÊrk ¿ �

E
NQe�P.N1YvhyGXU.FHVn� _NQPRKMhyG[KMY[t.hyGXU.U~jnNQUcU.F�fTP5Y x SRVBWHGXF�fTP~L%GXedYMWHG[VQY[t.hiNQevGXF�U~F�gRGXNQWHGXe��
NQe�F�edY[k
q·FHGJgRG[K���NQj�GpeMN1VQY[t@F�edYvg.NQe>GXF�URG�¢£gRGXNQW�F�eMFHG[KTS.URV|gRGXe>��G[KTP.NQWHYdGXU.evKMGXNQWHG[K
�
NQedGXÈ1k
��KTS.U.g.W�N1VQG|F�edY�gRG[K
G ��a,G[KTF�j�GXU5YdGXW�WHG m G[LOS.U.g^�3��GXedG[Y x o ` U m ` ��WHG �0��N1KTF ` YdYdG��Tt�g.N1�}g.FHG���K _` �QG��l¼yËÌ½ÍL _SRK�oQG[Kd�
eMfTP.FHGXgRGXURG|�
NQedGpF�j�YMPRG[KTjnF�eMfTPRGXU;�
WHGXF�fTPRVQG[h�F�fTP5Y�gRGXU~VBWHGXF�fTPRGXU~q�G[KMY�NQU.U.F�jnjpY[k
E
NQepVBF�WHYJU.N1Y _SRKTW�F�fTP�UrSRKpNQURVQGXU _NQPRG[KMY[k~Î�U.g x hiN1K¡S.jne ` z,GXeMedG[KXtR�dGnb�WHGXF�URG[Kpg.FHGnE
F�fTP5YdG}gRG[K¡�
NQedG}F�edY[k���NQU
b1NQU.UceMF�fTP~g.NQe�F�gRGXNQWHGp�
NQe�NQW�evgRGXU���KMGXU x hyG[KMY�S.URGXU.g.W�F�fTPRG[Ky��G[KTg _S.U.UrS.URV¡o ` KTedYdGXW�WHGXUlk
q·FHK
hyG[KTgRGXU�edGXF�URG¡I�FHVQGXU.eMfTP.N1L%YdGXU�S.U.g;gRGXU¤��GXj�a,G[KTN1YMSRKMz,G[VQKTF ¸ hyGXFHYdG[KJS.U5YdGXU�a.K _N x F�eMFHG[KMGXUlt GXU.gRV _S.WHYMFHV�N1z,G[K
G[KTedY�F�j��,S.eMNQjnj�GXU.P.NQURV�jnFHYvgRGXj x hyGXFHYdGXU;��NQSRa.YMeMN1Y x k

Ï0ÐÌÑ Ò�ÑBÓiÔ�ÕTÖD×QØ£ÙrÚÕTÛ Ü3ØÞÝ�ß à�Ò@ØÞÝÌÚá Ù²Ý á à�â²ã²äÌÙ�à�Ø Úå à1æ²ØÞÝ á à�âyæ²ØÞÝ�ç äÌÛ á�è ß à1Õ á à1æ�äÌÙ�à�Ø�é[Ü3äTê5Õ á ÖOÜ0Õ á ÖDë0Ùì£ÕTà1ÕTÛ äÌâ>Ð á Ý�í á à�î[Ü è ÕTÖDÖDØ�ß à
æ²ØÞÝ�ï�Ø£ë0Ù1ÕTà�ß îväXæ²ØÞÝ�æ²ØÞÝ�í á à�î[Ü3Û ÕÌæ á à�â�ß à�æ²ØÞÝ�ð.Û Ø£î[ÜDÝ3äXæXñ²à1Õ è ß î
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>�?�@ A�B�CED;FHG4IKJ;B�CMLON�I'PRQ-S�T�IVU�WXC G4J;B�N�S�U
Y�Z�[\Z�]_^8`Rab^8c�d
`Rc�efZbgihR^jhR^jkl^8[_^8enm�o2prqE[E]\sutE`KgihR^8[E`Rqv]EZb^xw�^8e�yl^jz%`Kg{q_zi^8[;g{c|yEz{^8}%t_^8[E]�d
ab^8Z�}%t~qE[_hv���~���'�%�� qE}%t\z{^8`Rab^+d
`Rc|^�tE`Kkl^8[\Z�e�d
ab^8Z�}%t_hR^j��Z�}%t;gOkl^8ZlhR^jhR^8[_^8[�m�o2p�o{suhR^8[E`Rq�^8Z�[_^6w�^8e�yl^jz%`Kg{q_z�w���y�� ��� �6�%���q_z�Z�c|gi]EZb^6�R�)[_�~z{^jg|^��EqE[_�~g{Zb�)[�w���y�� ��� �6��`R[E]_^jz%cOqE[E]��R�)[v]_^jz
d
`Rc{`Kz{g�`Kk t��`R[_h)Zbh_���`R[v[_^8[E[;gOc{Zb^
g{t_^jz%efZ�c{}%t_^��lqEc|g{`R[E]Ec|h)ab^8Z�}%t~qE[_h ���� gOZ�c|gO]EZb^8c|^x[EZ�}%t;gi^8Z�[Eef`Ra-`R[E`Rab�~g{Z�c{}%t�`R[_hR^jkEk `Kz8�Y�Z�[�h)q_g|^8c��v��]_^8a�a � �q_zi��Zb^8ab^6z{^8`Rab^�d
`Rc|^�Z�c|gO]EZb^

g{t_^jz%efZ�c{}%t_^��lqEc|g{`R[E]Ec|h)ab^8Z�}%t~qE[_h+^8Z�[_^8c��K`R[v]_^jzi��`R`Ra�ci�\d
`Rc|^8c��  Km�¡£¢ s�¤p ¤l¥   ps§¦©¨ ¥Hª¬«;­ ���~� �)�
®�Zb^jz�c{Z�[E]¯¢ o ¨ c|g|�K°-`Kk t��`R[_h)ZbhR^�±6�)[Ec|g{`R[;g|^8[-�H�HZbzf�²^jz%]_^8[³]EZb^8c|^�d
ab^8Z�}%t~qE[_h´c|y��`Kg|^jz�]EZ�c|��q_g{Zb^jz{^8[¯qE[E]£µ8q_z¶²^8c{}%t_z{^8Zbk qE[_hf]_^8cO·�tE`Rc|^8[��q_kl^jz{h)`R[_hR^8c�h)`Rc � ��Rz%efZbh+�f¸��qEc{c{Zbh+kl^8[~q_g|µj^8[-�¹ºe»·�z%Z�[_µ8Zby©h)ZbkEg+^8c � �q_z�¼|^8]_^8[³½~g|�K°¾^8Z�[_^�g{t_^jz%efZ�c{}%t_^v�lqEc|g{`R[E]Ec|h)ab^8Z�}%t~qE[_hÀ¿�� m�o2p�o{svo ­ � ªÂÁ �²�²^8a�}%t_^�]EZb^w�^8e�yl^jz%`Kg{q_z�efZbgi]_^8[�`R[E]_^jz{^8[��lqEc|g{`R[E]Ec|�K`Kz%Z�`Kk ab^8[Ã�R^jz{��[��q_y � gj�Y�Z�[_^²�²^8Zbg|^jz{^�d
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@�ACB�D�E�FHGJI1KMLONBPA�E�QRKTSUB�G1DWVXQRVXGJVXQRY1K[Z�G1\X\XB�DPI]EPK^A�_�DWV`AXa1bcQRKTQH\`V$EPK^AMd%GJV`e

Z�NBPA�f`K�EPK�DgAXK^Y1K^AC\XQRhcFRK�DjiTAXK�QH\`b�AXa1e^K^k�I3QHFRV lnmJoprq�s t=uUv w3x
y K^z6K�QH\^{| B�D/NG1}C~�\`V�LONBPA�K�QHDPK
��AXh�K�QRVX\`�UACGJL+VX��G1\X}C~�QHDPK1�PE�QRKMAXK^Y1K^AC\XQRh�K�F�e^z�QH\X}C~PK�D w y NG1EPK^ACD p�� B�D�E p<� GJAXh�K�QRV`K^V vZ�NBPA�E�QRK�\`KT~�GJh�K�Dgz�QRA$\X}C~Pa3Dgh�K^z�QRK�\`K�D<{������W� q�s%v� BPk]DUBPA$B���L+a1AC��B�FHQRK^AXV6z6K^ACEPK�D v� QRV�� q &6�������� B�D�Ej�W� q & ��� �� � L+a3FRI1V$E�GJACG1B�\

o �p�� � o �p<��q�s LONBPA�f`K�EPK�DgAXK^Y1K^AC\XQRhcFRK�D w�� y G1E ��� AXa1e^K^k v t=uUv �3x
p

V

Approximation reversibler Kreisprozesse durch 2-Bäderprozesse

T1
T2

Tn

Adiabate

� B�Dgh�K�FHQRK^hcQRI1K^A6AXK^Y1K^AC\XQRhcFRK^A$iTAXK�QH\`b�AXa1e^K^k v| B�D/NG1}C~�\`V�\`V1NB�}X�Uz6K�QH\`K���b�b�AXa��PQH��GJVXQRa3D�E�BPAC}C~¡ �\`a �VX~PK^AC��K�D¢B�D�Eg��E�QHGJhcGJV`K�D t E�QH}X�1K | G1}X�1K�D�FHQHD�QRK xCvy K�EPK�BPV`K^V N£ h�K^ACEPK�}X�%B�DPI�E�BPAC}C~ w�� y G1E ��� AXa1e^K�\X\`K vZ�NBPA�f`K�EPK�DgI3QHFRV t=uUv �3x �>LONBPA$G1FHFRK
¤¥G1FH\`a
¦§H¨ �`© ª oM«`¬�­8®§p «`¬�­8®§ � oM¯°®X±+­8®§p ¯°®X±+­8®§ q�s t=uUv ²Ux

 ���³/QH��QRV�¤µ´·¶¸K^AXI3QRh�V$\XQH}C~ t=uUv w3xCv S v K v E v
iTa3D�\`K�SUBPK�DPeTY1a3D t=uUv w3x {mJoM¹`º�»J¼ p QH\`V�V`a1VXG1FRK�\�½MQ¿¾�K^AXK�DWVXQHG1F<K�QHDPK^A | B�\`VXG1D�E�\`I1AÀNa1k1K1�cE�QRKMz�QRA$��QRV�Á�h�K^e^K�QH}C~�DPK�DgB�D�Eg_�DWV`AXa1bcQRK
DPK�D�DPK�D vZ�NBPA�f`K�EPK�\�VX~PK^AC��a%EPÂ%D�G1��QH\X}C~PK[dUÂ%\`V`K��¡K°�PQH\`VXQRK^AXV�K�QHDPK | B�\`VXG1D�E�\`I1AÀNa1k1K1�cE�QRKT_�DWV`AXa1bcQRK�Á v �~PA�ÃÄK^AXV�QHDjK�QHDPK�� | B�\`VXG1D�EjÅ�QH\`V

Á t Å x�q Á tÆsWx �ÈÇ
�
É mJoMÊ ­=Ëp z6a1h�K�Q�ÌÍÍÎ

ÍÍÏ
Ð s1Ñ h�K�FHQRK^hcQRI1K^A�Ò$K^L+K^AXK�DPe^e�B�\`VXG1D�E �DWV`K^I1ACGJVXQRa3DÓNBPh�K^A�AXK^Y1K^AC\XQRhcFRK�D � AXa1e^K^k]Y1a3D s D�G1}C~ÔQ=� t=uUv u3x

Õ�¾�K�D¢QH\`V$DPa%}C~<��QHDWz�QRK^z6K�QRV�E�QRK�\`K�@�AÀNa1k1K[QRAXAXK^Y1K^AC\XQRhcFRK � AXa1e^K�\X\`K[}C~�GJACGJ�UV`K^ACQH\XQRK^AXV v½MG1��QRV$z6K^ACEPK
QH}C~¢��QH}C~gI3FRK�QH}C~gh�K^LÆG1\X\`K�D<�%e�BPY1a1A
(�)+Ö ,�-/.1032�46587�×�7cØÔ5�×�7�;<Ù87c-ÛÚÄ;<ØÀ7cØ
N£ hcB�DPI3\XG1BPL+I3GJh�K ²Üt e�B�� &�Ý v uUv s & x {G x y K^z6K�QH\`K�D�d%QRKMLONBPA$K�QHDgQHEPK�G1FRK�\�@MG1\

Á t p�ÞOß x�q Á t à É ÞOß É x �Èá�â FHD pp É � ¤�ã�FHD ßß É�ä t=uUv ' x
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E�FHGJILKNMOKNFQPRKNFQPNS�TUGWVXTUGZY�[]\�^U_�`aM�[2FHb]c�GZYNde\gfHh�K �+i FHG�fHG�j
kOl m E�FHGnM�fQfHh�G�[]G�FQ`UG�`.opG�PRGZKRqZG�^UGZY#VXTUGZY�[]\�^U_�`aM�[2FHbWM�raP#[2FHbLYN\gPRb�\�s�FQPNS�TUG�`2tuGZvuGZhgra`UhgPRh�G�PRGZKRqZG�`wMOxaq�rafHG�FHKRG�` l
�Ll m E�FHGnKNTUGZY�[]\�^U_�`aM�[2FQPNS�TUG�`2y#FHh�G�`aPNS�TaMOdeKRG�`{z i raPRKNM�`a^aPRhgfHG�FQS�TLra`Uh�G�`}|a~Z~Z~ m b�\g`UbLYNGZKRGZYnILKR\O��Gnq�r2x�GZYNG�S�Ta`UG�` l
i FHG�f k PRGZKRqZKn[2FHbLYN\gPRb�\�s�FQPNS�TUG�tuGZvuGZhgra`UhgPRh�G�PRGZKRqZGJc�\�Y�M�raP l

tu\gfHKRq�[2M�`a`�z k������O��k��O�g� |�tuGZh�Yg�ra`a^UGZY�^UGZY�PRKNMOKNFQPRKNFQPNS�TUG�`w�#T�_�PNFHb m `aM�Ta[
M�`}|a^aMO�+^aFHG�V�G�FQfQS�TUG�`&^UGZYXb�fQM�PNPNFQPNS�TUG�`;�!G�S�TaM�`aFHb.h�G�`��rUh�G�` l
t�M�fQ^�`aM�S�T��nGZY�M�raPRx�FQfQ^ara`Uhw^UGZY]��raM�`�KRG�`a[]G�S�TaM�`aFHb�b�\g`a`�KRG.[2M�`�qZG�F �
h�G�`}|O^aMO�nM�raS�TW^aFHG�PRG�q�rW^UG�`��pM�rUsaKNP��MOKRqZG�`J^UGZY�VXTUGZY�[]\�^U_�`aM�[2FHbXd��raTUYNK l
E�M�P]FQPRKJG�FQ`���ra`a^UGZY�|�vuG�`a`9[2M�`9x�G�^UG�`UbLKZ|�vnFHGwra`�KRGZY�PNS�TaFHG�^afQFQS�T�^aFHG
i raPRKNM�`a^aPRx�GZh�Y�F���Gpc�\g`;b�fQM�PNPNFQPNS�TUGZYnra`a^&��raM�`�KRG�`a[]G�S�TaM�`aFHbwPNFQ`a^}�
� `a^UGZYNGZY�PRG�FHKNPp[JrU�wG�P�PR\;PRG�FQ`}|�vuG�`a`�^aFHG0y�YNd�M�TUY�ra`UhgPNP��MOKRqZG]^UGZY�VXTUGZY �
[]\�^U_�`aM�[2FHb+M�fQfHh�G�[]G�FQ`UGJo.�rafHKNFHh�b�G�FHKXTaMOx�G�`&PR\gfQfHG�`}|a^aFHG�`aFQS�T�K�c�\g`!^UG�`
EpGZKNM�FQfQPX^UGZYn[2FHbLYN\gPRb�\�s�FQPNS�TUG�`;tuG�PNS�TUYNG�FHx�ra`Uh]MOx�T��M�`Uh�K l

i rUY;tuGZh�Yg�ra`a^ara`Uh9^UGZY&VXTUGZY�[]\�^U_�`aM�[2FHb�PR\gfQfHKRG�M�fQPR\�G�FQ`UG�ra`aFHc�GZY�PRG�fQfHG�y#FHh�G�`aPNS�TaMOdeK;^UGZY&[2FHbLYN\gPRb�\�s�FQPNS�TUG�`
tuGZvuGZhgra`Uh.M�raPRYNG�FQS�TUG�`}|U^aFHG�PR\�vu\gTaf�FQ`wb�fQM�PNPNFQPNS�TUGZYnM�fQPXM�raS�T{��raM�`�KRG�`a[]G�S�TaM�`aFHb.h�GZh�GZx�G�`!FQPRK l
� FHYXvuGZY�^UG�`;PRG�TUG�`}j
^aM�PXFQPRKX^aFHG�EpGZKRGZY�[2FQ`aFHGZYNKNTUG�FHKX^UGZY�qZG�FHKNfQFQS�TUG�`&y#`�K¡vnFQSNb�fQra`Uh]^UG�PX[2FHbLYN\gPRb�\�s�FQPNS�TUG�` i raPRKNM�`a^aP l

¢ £¥¤0¦n �§©¨�ª]$N«n§©§© #¬0 ®­�¯W§a°� #±² 

� FHYXx�GZKRY�M�S�T�KRG�`![2MObLYN\gPRb�\�s�FQPNS�TUG0IL_�PRKRG�[]G�|a^UGZYNG�`&V�G�FQfQS�TUG�`Uq�M�Taf}³´hgFHhgM�`�KNFQPNS�T&FQPRK l
i ra`��M�S�TaPRKXtuG�PNS�TUY��M�`Ub�ra`Uh2M�rUdµFQPR\gfQFHGZYNKRGWIL_�PRKRG�[]GWFQ[Bo�fHG�FQS�TUh�GZvnFQS�T�K l

¶�·¡¸ ¹Aº�»µ¼g½�¾a¿#À�Á�º}Â#Ã

y#FQ`UG�` i raPRKNM�`a^;FQ[BI�FQ`a`UG�^UGZY�s�T��M�`U\g[]G�`U\gfH\�hgFQPNS�TUG�`&VXTUGZY�[]\�^U_�`aM�[2FHb+`UG�`a`UG�`wvnFHY��{MObLYN\�q�raPRKNM�`a^ l
y�YXvnFHY�^w^arUY�S�TwG�FQ`aFHh�G�vuG�`aFHh�G i raPRKNM�`a^aPRh�Y��\���G�`;x�G�PRKNFQ[2[WKZ|
x�G�F�G�FQ`UG�[5MOxah�G�PNS�TafH\gPNPRG�`UG�`{IL_�PRKRG�[5FQ[Äo�fHG�FQS�TUh�GZvnFQS�T�KnPNFQ`a^w^aM�PXÅÇÆÉÈuÊ�Ë�ÊN³ l

¶�·eÌ ¹5Í	»µ¼g½�¾a¿#À�ÁaÎº}Â#Ã�Ï

y#FQ`UG�`;M�raS�T&[2FHbLYN\gPRb�\�s�FQPNS�T;c�\gfQfQPRK��M�`a^aFHh0x�G�PRKNFQ[2[WKRG�` i raPRKNM�`a^;`UG�`a`UG�`wvnFHYX�{FHbLYN\�q�raPRKNM�`a^ l
b�fQM�PNPNFQPNS�TUG�V�G�FQfQS�TUG�`}jµG�FQ`UGnÐ�\L\�Y�^aFQ`aMOKRGnra`a^2G�FQ`UG�`2Ñ�[]s�rafQPµsaYN\WÒUYNG�FQTUG�FHKNPRh�Y�M�^}|LÓÄÆÔz�ÕOÖZÊZ~Z~Z~�Õ�×NØ�Ê�Ù�ÖZÊZ~Z~Z~	Ù©×NØ m�l

E�FHG�PRGWPRs�M�`a`UG�`wG�FQ`UG�` � ³ � ^aFQ[]G�`aPNFH\g`aM�fHG�`wÚnM�ra[5M�rUdÛ|�^UG�`;�#TaM�PRG�`UY�M�ra[ l
y#FQ`;�{FHbLYN\�q�raPRKNM�`a^&FQPRK�G�FQ`&�#ra`UbLK�FQ[5�#TaM�PRG�`UY�M�ra[;|�b�rUYNq�ÓÄÆÔz�ÕLÊ�Ù m�l

��raM�`�KRG�`�KRG�FQfQS�TUG�`}j�G�FQ`UG i raPRKNM�`a^aPRd�ra`UbLKNFH\g`&Ü]z�Õ m M�raPX^UG�[5�pFQfHx�GZYNKRY�M�ra[ l
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U�C]As�´ADC]S
F�E�UW`F_Z/AYM
JQbHb]AgAYMOMOADCHjha,Z(JLMOADE� E_x�JQE_X�RTPDF�RTS:`JQE�U_A½XQAD��C]STSTADb]SofrC]MhU=[cßvAYMhROjha�C]ADU_ADE_A � E_x�JQE_X�RTPDF�RTS:`JQE�U_A½XQADa_ADE1U�JLZ/ADC���C]S�X�b]ADCHjha_AD�à¡�AYfrCHjha,SADCHE=[
t JQE�E���JQE�U�C]ADRTAv¦ØJQa_MhROjha_ADCHE�bHCHjha_KQADC]STADE ª �ÃJQF�RTMOADjha�E_ADE´³cá�J�l:X�JQE_P�JQbHb]XQAD��ADCHE�F�E�U�U�JQR�m?MOXQAYZ(E�CHRg`F_Z/AYMOMhJQROjha,SYu



����������	�

������	�	�������	���	��
����� ���
� ��!#"$�%!#&('*)�+�!#,.-0/�1324,.,5!#�%!#�7698�,5:5!#&(&;"3:=<%!#&(>�'*?9@.2�A#B�,5:.'���<DCE/�'*)F!#��'�1$13!G!H@.@.!#"$-0/I)J'*@.!#�K>�"3?9@.2�A#B�,5:ML'���<%!<�"3!N+413!#"$-0/%!NOP'�/%@0,.-0/%!#"$��1$"$-0/%?�!#"3:HQSR�,T+4"$13:�'�1$,52

UTVGW CYXSZ
[\\] \\^ _ ` '�1$1$,�ab��"$-0/I:T!H@.@.!#"$-0/I)J'*@#c

dMe#f W CYX ` '�1$1$,�ag!H@.@.!#"$-0/I)J'*@#Q Wih Q j4X
k='*)F!#"�"$,5: f W CYXT<�"3!mlF'�/�1n<%!H@�!H@.@.!#"$-0/I)J'*@.!#�o>�"3?9@.2�A#B�,5:ML'���<%!Np�24�qCrc%+�!#��'����I:s,5!#"$�t,5:.'*:."$,5:."$,.-0/%!#,=u�!Hvs"$-0/I: Q
wx!Hvx!#"$, ` LB%@T?�1$'�,.,."$,.-0/%!G698�,5:5!#&y!z B�,.,.-0/�1$'*+�+�!H)F!#��<o"$,5:T<�"3!�k�!H:5!H@0&;"$��"3!H@.:./%!#"3:T<%!H@=lFB�,5:.'���<�,ML'���<%!H@0B��%+%{)F!#"F+�!H+�!H)F!#�%!#& z � ` '��%+4,5A#B�,5:.'���<tao|�Z W~} |*�~��|#Xx+4"3)�:T!#,T+�!#��'�Bo!#"$�%!�w�'�/��%?�B%@.p�!Na W�� X�Z W~}%W�� X0�~� W�� X5X0c<�'�,T)F!#<%!#B%:5!H:T!#"$�%!N!#"$�%!#"$��<%!#B%:."3+�! z )�)J"$1$<�B��%+G<%!H@s>q!#�%+�!m'�1$13!H@T!H@.@.!#"$-0/I)J'*@.!#�o>�"3?9@.2�A#B�,5:ML'���<%!�"$�t,."$-0/nQ>�"3:5:5!#1$B��%+PLB%)F!H@s'�1$13!m!H@.@.!#"$-0/I)J'*@.!#� z � ` '��%+4,5A#B�,5:ML'���<%!G&;"3:�+413!#"$-0/%!#&gu�!Hvs"$-0/I:=)F!#<%!#B%:5!H:sA#By�5!#<%!H@�l�!#"3:�>�"3: �:5!#1$B��%+KLB%)F!H@�'�1$13!=!H@.@.!#"$-0/I)J'*@.!#��lFB�,5:ML'���<%!�&;"3:�+413!#"$-0/%!#&(u�!Hvs"$-0/I:����*Q��JQ !�Q <nQwx!Hvx!#"$, ` LB%@��=B�'��I:5!#��,58�,5:5!#&y!k='�,�+413!#"$-0/%!�cJ<%!#���t<�"3!mlFB�,5:ML'���<%!N!#�I:�vs"$-.?�!#1$�q,."$-0/o'�B�-0/o"$�t<%!H@=�=>�<%!H:5!H@0&;"$��"$,5:."$,.-0/nQ�� |z ��&y!H@.?�B��%+%{ k="3! z B�,.,.'*+�! Wih Q j4X�,.-0/%!#"$�I:t<%!#&�+�!#,.B���<%!#��>q!#��,.-0/%!#�Ip�!H@0,5:.'���<�A#B�vs"$<%!H@0,5��@.!#-0/%!#�nQ�R�"$�lFB�,5:.'���<nc�vx2�'�1$13!���!#"$1$-0/%!#�m"$�N!#"$�%!H@�R�-.?�!�,."3:5AH!#�nc�,5241$14<�"3!S+413!#"$-0/%!�OP'�/%@0,.-0/%!#"$��1$"$-0/%?�!#"3:�/�'*)F!#�ncvs"3!N!#"$�%!H@#c%vx2�,."3!N,.-0/�L24�o+413!#"$-0/tp�!H@.:5!#"$13:�,."$��<��k�2�-0/n�xk="3!#,5!H@�O�"$<%!H@0,5��@0B�-0/�"$,5:T!#"$�o,.-0/%!#"$�I)J'*@.!H@#Qk�!#�%?�!#��vs"3@r'���,�lF'�/�13!#��132�:5:52%Q ��!#<%!glF'�/�13!#�%?�24&m)J"$��'*:."324��/�'*: <�"3!�+413!#"$-0/%!¡OP'�/%@5�,.-0/%!#"$��1$"$-0/%?�!#"3:HQ z 1$,52 W d c �9c j9c ¢%c £9c ¤4XPvs"3@0<¥'�B ` 1$'��%+�!¦6�"$-0/I:K!H)F!#��,52�/�L'�B�§J+�+�!HAH2�+�!#�ncyvs"3!W ¤9c d j9c d ¤9c ��¤9c j�£9c ¢9¨4X0QtRS@0,5:5!H@.!y©N24&m)J"$��'*:."324��+�!#/�L2�@.:NA#B%@N©�'*:5!H+�2�@0"3!7ª5'�1$13!�lF'�/�13!#�K<%!H@N«�!#"$/%!��'�-0/;"$�m!#"$�%!H@�R�-.?�!#¬�c�<�"3!xAHvx!#"3:5!�A#B%@S©�'*:5!H+�2�@0"3!;ª0lF'�/�13!#�G!#"$��"3+�!H@0&;'*­�!#�G+413!#"$-0/Ip�!H@.:5!#"$13:.¬�Q�k�!H@+�!#,.B���<%!�>q!#��,.-0/%!#�Ip�!H@0,5:.'���<yvx!#"3­%c4©�'*:5!H+�2�@0"3!s�s"$,5:
,5!#/%@�/�L'�B�§J+%c�©�'*:5!H+�2�@0"3! d !�®�:5@.!#&Y,5!#13:5!#�nQk='�,=1$"3!H+�:�'*)F!H@���"$-0/I:�<�'*@0'��nc�<�'�,.,�<%!H@=>�"3?9@.2�A#B�,5:.'���< W ¤9c d j9c d ¤9c ��¤9c j�£9c ¢I¨4Xm/�L'�B�§J+�!H@�'�B ` :5@0"3:5:'�1$,t<%!H@o>�"3?9@.2�A#B�,5:.'���< W d c �9c j9c ¢%c £9c ¤4X0cG,524��<%!H@0��<�'*@0'��nc=<�'�,.,�<%!H@o>�'*?9@.2�A#B�,5:.'���<¯ª0lF'�/�13!#�!#"$��"3+�!H@0&;'*­�!#�D+413!#"$-0/Ip�!H@.:5!#"$13:.¬o�%2�-0/P<�B%@0-0/K!�®�:5@.!#&bp�"3!#13!y'���<%!H@.!;>�"3?9@.2�A#B�,5:ML'���<%!y@.!#'�1$"$,."3!H@.:vx!H@0<%!#�;?*'���� W ` '�,5:x'�1$13!�,."$��<°p�24��<�"3!#,5!#&±��89�FX0c�<%!H@�>�'*?9@.2�A#B�,5:.'���<²ª5'�1$13!=lF'�/�13!#�;<%!H@�«�!#"$/%!��'�-0/q"$��!#"$�%!H@sR�-.?�!#¬�'*)F!H@s�9B%@��%2�-0/o<�B%@0-0/ W ¢�¢%c ¢I£9c ¢I¤9c ¢ h c ¢I�9c ¢I¨IX0Q
³�´�µ ¶�·�¸�·4¹�ºM·4¹�º*»I¼S½Jº�¾y¿�º�½JÀÂÁxÃi½�Ä;À�¹iÅ
Æ4Ç�Å�¸n¿SÇ�¿�¹�º*»I¼S½ÂÈD½Jº�¸nÀÉ·4¼S½J¹Ê·
>�"3:5:5!#1$�ÉLB%)F!H@�<�"3! z � ` '��%+4,5A#B�,5:ML'���<%!�"$,5:�>�"3:5:5!#1$B��%+KLB%)F!H@�!#"$�oR���,5!#&m)J13!=p�24�K698�,5:5!#&y!#�nQR�"$�q,5241$-0/%!#,�,5:.'*:."$,5:."$,.-0/%!mR���,5!#&m)J13! )F!#,5:5!#/I:�'�B�,s!#"$�%!#&ÌË�B�13?t"$<%!#�I:."$,.-0/%!H@N698�,5:5!#&y!�cF<�"3!m'�B�,sp�!H@0,.-0/�"3!#<%!#�%!#�>�"3?9@.2�A#B�,5:ML'���<%!#�t,5:.'*@.:5!#�qB���<t,."$-0/o<�'���'�-0/oB���'*)J/�L'��%+4"3+°p�24�%!#"$��'���<%!H@�!#�I:�vs"$-.?�!#1$�nQwx!#"%'*)�+�!#,.-0/�1324,.,5!#�%!#��698�,5:5!#&y!#�°"$,5:�'�&r69:.'*@.:J�5!#<%!H@�>�"3?9@.2�A#B�,5:.'���<°<%!H@SR��%!H@.+4"3!sÍ�&;"3:�+�!#��'�B°!#"$�%!#&±698�,5:5!#&)F!#,5!H:5AH:HQyO�"3!yvs"3@=+�!#,5!#/%!#�7/�'*)F!#�ncn)J13!#"3)�:�!H@m'�B�-0/P<�'���'�-0/D!#"$� ` '�-0/D)F!#,5!H:5AH: W vx!#���P'�B�-0/D!Hp9:.1ÊQy&;"3:=!#"$�%!#&'���<%!H@.!#�P698�,5:5!#&�X0QG>�'��D�%!#���I:=<�"3!#,5!#,N,5:.'*)J"$13!GR���,5!#&m)J13!Gp�24�²698�,5:5!#&y!#�K&;"3: ` !#,5:5+�!#13!H+�:5!H@GR��%!H@.+4"3!�Ír!#"$�%!&;"3?9@.2�?*'��%24��"$,.-0/%!mu�!#,.'�&m:./%!#"3: Q

ÎÐÏ5Ñ�Ò0Ó�Ô�Õ Ö ×iØTÖ ×Ê×iÕ ÙIÙ$ÚÒ0ÛMÜ ×�Ò0Ù ÓÊÝTÙ Õ ÕßÞ5à�ánÒ0Ó�Ò0â�ÕßÞ�ã�Ö ä�åH×náFÕ Ö ×iÕßÞ�Ó~×.ÚÝ0ÞÊ×5æç~è.é Ò0ãmÓÊÖ Õ åH×�Õ Ó
å�Ö ÕßÞ�Ò0â�ÕßÞSÒ0Û�ä�åmê�Ò0ã�ëxÕ Ö ãMÜ3Ò0ä�åmÕßìMí�Ù Ö ë Ö ×5î�ï�Õß×ÊÞ�Ò0ä�åH×iÕ ã�á�Ö Þ�ë Û�ã9ÚÒ0ä�å�Ó~×
Õ Ö ã�Õ ãmð�Ýñã�ðHÞiÕß×iÕ ã�ò�ãMÜ3Ò0ã�êñÓÊë Û�Ó~×�Ò0ã*Ñ�ó ô è.õ æö Ò0Ó�Ö Ó~×�Õ Ö ã�Ó~×�Ò.×iÖ Ýñã9ÚÒ.ÞiÕßÞ�Ô�Û�Ó~×�Ò0ã*Ñ4æ�÷%Þ�ÚÒ0ã*ÑMÕßÞÊ×�ÓÊÖ ä�å�Ò0Ù ÓÊÝGë Õ Ö ×iÙ Ö ä�å�ã�Ö ä�åH×=ø3â�Ö ÓTÒ0ÛMÜ
Õ Ö ã�Õ ã�å�Ö ÕßÞTÛ�ãHáFÕ ÓÊÕ ãH×iÙ Ö ä�å�Õ ã�ù�å*Ò0ÓÊÕ ãMÜ3Ò0ðH×iÝ0Þßú�æé Ö ×Ê×iÕ Ù ã;ÚÛ�â�ÕßÞ�Ò0Ù Ù Õ�ò�ãMÜ3Ò0ã�êñÓÊë Û�Ó~×.ÚÒ0ã*ÑMÕ�ô è Ù Ö ÕßÜûÕßÞÊ×
Ò0Ù ÓÊÝTÖ ØTØTÕßÞ�Ñ�Ò0Ó�êñÙ Õ Ö ä�å�Õ�á�Ö Õ�ë ÛNï�Õ êñÖ ã�ãIæ�ü*æ Õñæ Ñ4æ
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K�LNMPO3Q.RTS
UWVYX<Z[ V$\$]�^`_ a�LNb [ R7cdQeV
f
^NVP]gLN_WhiQ.j�UkR3l [ R3lNQ.RJm
npoqnsrutwv�xy\ (Nzd{ m|a�V�^N}glNQ.R [ l~X<Z[ V �dQel`_kUkMPO3Qs�Ac�L)c�Ukbdc�UW��m
��o�\)� �)nu�7��t#\ (Nz&� xy\)� ��x�\ (A�Gzd{5�`���J� x ')(N(N� tq�N� � m
���:ow� z5�)�I�T��z ]gUWc�b�L)lNQ.RTS
UWV � o�\ ()�e�T� t�\ (A�Gzd� �Al����
QI��bd^5S
UWQ ��{ ow N �_Jl`UWh�c
���:o"�¡v�xy\ (A�G{&�I� b<� z.� � � x�\ (A�Gzd� �Al:x ( � (`� ] z �%tw��xy\ (A���¢��� m
£ _kbd^gUkbdc�j3QeV � [ lNQ._WVPLNj�U [ b�¤¥o§¦ � � ���¨t�\ (Nzdz S
UWV��D_kUkMPO~Q¢©DcdV�Q.]«ªDUWQ._ilNVIZ^N}NQeV�LN_kb$\)m
¬�Z[ V
j�UWQ�­&R3X®^NVP]gL)c�UW^`R�bdQ.R7cdV�^N¯GUWQ�QeV�l`UWh�c�b�UkMPOT°�t"�&\ (�±  A� �`�²n³t�\ (Nzd´ m
µ�R�j¶j�LNb
bdc�L)c�Ukbdc�Ukb�MPO3Qsa�QeS
UkMPO7c
Ukbdc�R3^DMPO¶l`UWl`LNR7c�Ukb�MPO3QeV.·%¸�ow¹.º�o�\ (A�¼»�½�¾)¿
À�UkR3Q¥ÁiLNO�_J]gUWc$\ (Nz&� ÁiUÃÂiQeVPR ¿ µ�R7ªN^NVPbdcdQ._k_WhGL)V�VPUWQ.b�UWl3m
­&O3VY­&R3X®^NVP]gL)c�UW^`R�bdlNQ.O�LN_Wc�Ukbdce·�\ (Nzd´ hGUWc
o�\ (A�¼´ a�UWl`L)hAÄAcdQNm
K�Q.O3V|LN_kb
\ (N(N(N(N( a�UWl`L)hAÄAcdQ
¯�V�^¥À%VPj3hiQeS|^`O�R3QeV.m £ _k_WQ�Å|^`]�¯ [ cdQeV�j3QeV�Æ�Q._Wc�V�Q.UkMPO3Q.R~R�UkMPO7c%Ç [ ] £ hGbd¯iQ.UkMPO3QeVPRJm
È�É5Ê¢Ë�ÌÎÍÐÏ�UWQ$­&R3X®^NVP]gL)c�UW^`R�bdQ.R7cdV�^N¯GUWQÑ°�O�L)c�Qec¼S�L~j�UWQ�l`_WQ.UkMPO3Q�a�VIZ^N}NQ.R3^NVPj�R [ R3l�S
UWQ$j�UWQÑÒ�Q.Uk_kMPO3Q.R3Ç.LNO�_Jn:m

�DUWQ$Ukbdc�LN_kbd^�VPUWQ.b�UWl [ R�j¶j�LNb�bdc�L)c�Ukbdc�Ukb�MPO3Q�a�QeS
UkMPO7cY¸gow¹.ºyZ[ hiQeVPL [ b�l`UWl`LNR7c�Ukb�MPOJm
Ï�UWQ.b�l`Uk_WcYR�UkMPO7c�R [ V�X<Z[ V�j�LNb�Ukj3Q.LN_WQsa�LNbeÓGbd^`R�j3QeVPRCX<Z[ V�j�UWQ$]�Q.UkbdcdQ.RT]gL)�AV�^`bd�N^N¯GUkb�MPO3Qs�AÄDbdcdQ.]�QNm

Ô ÕqÖ�×%Ø�ÙÛÚ�Ü�Ý�Ö�×%Ø"Þàß�á�âiãYä�âæåçÕ�×�ÙÛè�×%ØJã|âJé�Øëêíìîá�âiØJß�è�Ú�×

System 1

U1
V1
N1

System 2

U2
V2
N2

feste Wand: durchlässig f. Energie (Wärme)
                     undurchlässig f. Teilchen

ÆqUWV�hiQecdVPLNMPO7cdQ.R��dQecdÇec�Q.UkRTL)h�lNQ.b�MPO�_W^`b�bdQ.R3Q.b��AÄDbdcdQ.]¶Ó
j�L)}~L [ b
 �Ò�Q.Uk_kbdÄDbdcdQ.]�Q.R¶UkRCÆ"ZL)VP]�Qe�N^`R7c�L)�Ac�hiQecdQ.O7cem
£ _k_WQ.b�X®^`_WlNQ.R�j3QÑl`Uk_Wc�LNR�LN_W^Nl~L [ MPO¶X<Z[ V
]�Q.O3V�QeV�Q$Ò�Q.Uk_kbdÄDbdcdQ.]�QNm
À�b�bdQ.UJ�NQ.UkRTÒ�Q.Uk_kMPO3Q.R�L [ bdc�L [ b�MPOT]�Z^Nl`_kUkMPOJm
£ [ MPOTj�UWQÑïæ^`_ [ ]gUkR�Lgð3ñ�bdQ.UWQ.R [ R7ªNQeVIZLNR�j3QeVP_kUkMPOJm
ò|Q.Ukj3Q$Ò�Q.Uk_WQ$bdQ.UWQ.RT]gL)�AV�^`bd�N^N¯GUkb�MPOJÓ�n � tqn z tqnsr%m
Ï�UWQ � ^N¯�¯G_ [ R3l�j3QeVgÒ�Q.Uk_kbdÄDbdcdQ.]�Q¶bdQ.U�O�UkR3V�Q.UkMPO3Q.R�j¨b�MPO7S�LNMPOJÓ
bd^~j�L)}

ó K�UW�AV�^NÇ [ bdc5ZLNR�j3QÑlNQelNQehiQ.R�j [ VPMPO � o"� � �.ô � z �PÓ�S|^ � ñæj�UWQ¥õ [ LNR7cdQ.R3Ç.LNO�_WQ.RTj3QeV [ R3lNQ.bdc5Z^NV�cdQ.R�Ò�Q.Uk_kbdÄ7öbdcdQ.]�QNÓ
ó j�UWQ$Ò�Q.Uk_kbdÄDbdcdQ.]�Q$j�LN]gUWcYbdc�L)c�Ukbdc�Ukb�MPO [ R�L)hGO�ZLNR3l`UWl3Ó
ó a�Q.b�LN]¥cdQ.R3QeV�l`UWQ¥l`_WQ.UkMPO�� [ ]g]�Q$j3QeV�Ò�Q.Uk_WQ.R3QeV�l`UWQ.RJÓ3��÷woq� �dø ÷�ù ± � z<ø ÷ ½ Ó3h�ÇeS$mY��o�� � ± � z m
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Ï�LNb
Ò�Q.Uk_kbdÄDbdcdQ.]³\��)LNR�Rs�dQ.j3Q$À�R3QeV�l`UWQ�� �#"%$ ( ô �'& O�L)hiQ.RJÓ�Ò�Q.Uk_� �O�L)c
j�LNR�R¥�dQeS|Q.Uk_kb�� � o��)( � � m
ÆqUWV�hiQeÇeQ.UkMPO�R3Q.R¶j�UWQ.b�LN_kb�ªNQeVPb�MPO�UWQ.j3Q.R3Q+*+,�-/.103254dÉNÌ�Ë�,�-768- j3Q.b�a�Q.b�LN]¥c�bdÄDbdcdQ.]gbem
­&R [ R�bdQeV�Q.]à¬�LN_k_WQÑ�JZ^`R�R3Q.RTj�UWQÑªNQeVPb�MPO�UWQ.j3Q.R3Q.R � ^`R59Gl [ VPL)c�UW^`R3Q.RCj [ VPMPOu� � [ R7cdQeVPb�MPO�UWQ.j3Q.RCS|QeVPj3Q.RJm
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vwfÇ� s�s z��|h�f�hBzÅ¤§hBvFtehBz���hBvFiF�|�@�|{|hBg�hBz]� s fNrs ���<m�½�vF��~eh�f�~��Y{|{|hBz��
vwf%z s f%x�zeh�f�¨NvwhB� s �|{�� s ���.~�� s ¨`hÍÈiF�`���|hBz s z�t�¨`h�q s z�tehBz_�Nt��Y¦yt�vwh��ydNz@ô,¨ s f.�Y{�vwdNz��|hBzK{|f�d`},vwh · � � ·,õ g��)öevFg��`iK�
vwf.t_�Y�khBz�zÅ¤§hBvFtehk��hBg�}§h�f.�Y{ s f�},�)Èf.�`g�h�{|h�f�j4lnm ª`p�¨NiwhBvF�.~[��vFz�t_m�÷kr�Y¦`{¡g��`z[� s �.~[«`h�f)r�`z�teh�f.iFvF�.~eh���hBvFiw«`dNi s g�vFz��y¤§hBv,�`dNz��|{��`zK{|hBgøÛ�hB���`g�{|«`dNi s g�hBz� s j0Â<�
vF���.~ehBzK���`z�t�¤§h��kh�¨NiFvF�.~<p.�nh�f�¨Nvw¤�{k��vF�.~��`z��`iwd`¨]�`iF�%� s �:r�Y{|�BiFvF�.~eh�½khBt�vFze¨ s ze¨$q=rs fkt��`�kx�zK{|f�d`},vwhBg��)öevFg s g¨`h�f.�`tehÅt�vwhÅÛ�iwhBvF�.~�~ehBvw{¡¤§hBvFteh�f ±,·�ùXúY± � ù �,t_m ~_mkteh�f ¸ fNrs ���`h`m ¸ vwh$���`~ef.���.~ehBvFz�iFvF�.~��|{|h$�ydNz@ô,¨ s f.�Y{�vwdNz�vF�|{ s zK{|h�ft�vwhB�|hBz ½khBt�vFz s ¨`hBz�û|hBzeh¢g�vw{]¨NiwhBvF�.~ehBzÖ��hBg�}§h�f.�Y{ s f�hBz s z�t ¸ fNrs ���`hBz�vFzü¤§hBvFtehBzü��hBvFiwhBz_müýVvwf.tü� s �:r�Y{|�BiFvF�.~zed@�.~þ��hBvFiF�.~ehBz�� s �|{�� s ���.~�� s ¨`hBiF�`���|hBz_�ÇgIrs ���|hBzI� s �:r�Y{|�BiFvF�.~þzed@�.~þt�vwh�¤§hBvFtehBz��.~ehBg�vF���.~ehBzþ¥ d`{|hBzK{�vF�`iwh�¨NiwhBvF�.~�|hBvFz_m ¸ �`����vFz�tü¨`h�f.�`teh�t�vwh¢½khBt�vFze¨ s ze¨`hBz q=rs fÜt��`�[Û�iwhBvF�.~e¨`h��
vF�.~K{Ü� s �Üteh�f�},~�r�`zedNg�hBzedNiwd`¨NvF���.~Ö�u~eh�f.g�dYÈte�@z��`g�vw�<m ¸ vwh����`~ef.���.~ehBvFz�iFvF�.~��|{|h��ydNz@ô,¨ s f.�Y{�vwdNzüteh�f[Àn{��Y{�vF�|{�vw��hBzK{��|}�f.vF�.~K{��`iF�|dItehBgÿÛ�iwhBvF�.~e¨`h��
vF�.~K{�teh�f¥�~�r�`zedNg�hBzedNiwd`¨Nvwh`m
�&g q¿dNiw¨`hBz�tehBz[�kdNiFiwhBz��
vwf s z��¡teh�f
x�vFzeqÞ�`�.~�~ehBvw{¡~��`iw¤§h�f��
vwhBteh�fu� s q�tehBz¢x�zeh�f�¨NvwhB� s �|{�� s ���.~�¤§hB���.~ef)r�`ze�`hBz_m
C�D�� �IS,W)Se^��üP%S�H���O�^`HN\	�kU0S
��J�O%a_R�T S
ó
hB~�g�hBz¢�
vwfuz s z¢�`z_�,t��Y¦Üt�vwhy¤§hBvFtehBz���hBvFiF�|�@�|{|hBg�h$� s z�r�`�.~��|{u«`dNzehBvFz��`z�teh�f
vF�|dNiFvwh�f�{¡��vFz�t s z�t�vwf�¨`hBz�te�khBiF�.~ehx�zeh�f�¨NvwhBz�� ù�� ~��Y¤§hBz_m ¸ vwh�Â§�`~�iNh�f�f�hBvF�.~K¤,�Yf�h�f Ä�vw�nf�d`� s �|{:r�`z�tehkvFz$t�vwhB�|h�f � zeqÞ�`ze¨N�|�`dNz@ô,¨ s f.�Y{�vwdNz�vF�|{�d�
§hBz���vF�.~K{&ÈiFvF�.~©t��`��¥%f�d@t s �n{�teh�f�Â§�`~�iwhBz�h�f�f�hBvF�.~K¤,�Yf�h�f$Ä�vw�nf�d`� s �|{:r�`z�teh]vFz�tehBz©«`dNzehBvFz��`z�teh�f�vF�|dNiFvwh�f�{|hBz���hBvFiF�|�@�|{|hBg�hBz_mx�zK{��|}�f�hB�.~ehBz�t¢vF�|{¡t�vwh$x�zK{|f�d`},vwh$tehB��Û�hB���`g�{��|�@�|{|hBg��
¨NiwhBvF�.~¢teh�f
�ydNz@ô,¨ s f.�Y{�vwdNz��|hBzK{|f�d`},vwh

·�� jX� � � ÆÍ� õ�� p%� iFzkÃ � jX� � � p0Ã õ jX� õ�� pÇ� · � jX� � � p_� ·,õ jX� õ�� p��ó s z[iF�`���|hBz��
vwf$jÞ���.~K���`�.~ehBz<p�x�zeh�f�¨NvwhB� s �|{�� s ���.~�� s m ¸ �`g�vw{�r�`z�teh�f.z���vF�.~�t�vwh�½khBt�vFze¨ s ze¨`hBz�tehB�
Û�hB���`g�{��|�KÈ�|{|hBg��$���.~�iF�Y¨N�Yf�{�vw¨em�ýVvwh�hB�$t��Yf.� s q��`dNze�nf�h�{$f�hB�Y¨Nvwh�f�{�� ���Y¨`{ s z��yt�vwh�Àn{��Y{�vF�|{�vw��z�vF�.~K{�m�x��y¨`hB~K{$h�f�qÞ�`~ef s ze¨N�&È¨`hBg�r�Y¦¢vFz�hBvFzehBz�zeh s hBzIÛ�iwhBvF�.~e¨`h��
vF�.~K{��|� s �|{��`z�t rs ¤§h�fBm
ýIhBz�z©hB��t��`��{ s {���z�vFg�g�{
hB��t�vwh]g��Y�nf�dN�|�`d`},vF���.~ehBzx�vw¨`hBz����.~��Yq¿{|hBzü�`z_�%t�vwhÜq=rs f]t��`�]�|{��Y{�vF�|{�vF���.~eh[x�z��|hBg�¤,iwh s zK{|h�f�tehBzþzeh s hBzþ½khBt�vFze¨ s ze¨ s ze¨`hBz�{X�n},vF���.~þ��vFz�t_m



���������
	���
�����������������������������	������
�
��� �"!#�������$���%�&� ')(
*,+.-0/1+32�/1+54�67-8+:9<;8+.-89�=$>@?@>�ACB�DE>�FGBIH�JI9K+54ML�-8+3N�+./16)+�+54�4�+.-0OQPR9<JI4�+54$N�-8S,4�T)U.V�WG=YXJ)/�L1+:Z)+54�6)4[XT)\)+54�=]W�-0OQP^V�_J);0;8+$`MT7/ba<67V14QJI=�-8T7/1+./c_d-8=�>�A$e?�>�ACBIf%g�J)_d-8=ih:XJ)OQP�WG=
J)V�OQP�L�-8+M2�/R=G4�T)j<-8+)k

l%m >$no? ;0/
prqbs�t,A m >�Aunvt)F m >Ewx>�Ayn%?E;0/�z{ | t,A m >�ACBYnvt)F m >�FGB[n}D~pqbsy�� qbs��,t,A m >�Aunvt)F m >Ew�>�Aun)� �� m�� f0�5�Rn
� ;0/�t,A m >�ACBYnvt)F m >�FGBYn%? l��:m >�ACBI�u>�FGBYnQ� m�� f0�)�Yn

g�J)W
-0WG=iL�J)W���+.WG+5=GU:L1+54
2�/R=G4�T)j<-8+5U.V�/�J)P�_�+MJ)V�WiL1+54�*b-0OQPR=iL1+54�*,=�JI=�-0WG=�-8S�f
����� ���������7���%������ ���%�� �¡�¢��) 7£�¤��v�
¥ J)Wij<J)W�W�-8+54�=5H1h�+./�/�L�-8+$¦�/1§¨J)/167WGS)T7/ba<67V14QJI=�-8T7/cW�OQP1T7/�L�-8+�h�J)P14QW�OQP1+.-0/�;0-0OQP�WG=G+�h�JI4u©g�J)/�/ m V�/�L�/,V14�L�J)/�/�n -0WG=%L�-8+i2�/R=G4�T)j<-8+iL1+.W%6)+5S)T)j�jK+.;8=G+./�*,ªbWG=G+._dW%67;8+.-0OQPdL1+54«*bV�_d_�+«L1+54�2�-0/1U5+.;8+./R=G4�T)j<-8+./}k

l%m >$n%? l A m >�ACBYn}D l F m >�FGBYn 67L1h$f l A m >�ACBYn�D l F m >�FGBYn%?¬_dJ[­qbs&®,¯ By° q�± l A m >�Ayn�D l F m >Ewx>�AynQ� m�� f0�.²7n
³ V�_d-0/�L1+.WG=�-0_µ´
J)P�_�+./:¶G+.L1+54iZ)+54Q/·XV�/1§�=�-86)+./cN�+5\)6)+./�J)V�-86)S)+.-8=5f¸�¹vº)»}¼½b¾�¿I½b¾ ºRÀ¥ -84ih
-0W�WG+./}H1L�J)WiN�J[­1-0_:V�_µZ)T7/Át,A m >�Aunvt)F m >Ewx>�Ayn�-0WG=«+u­b=G4�+._ÂW�OQP�JI4�§Ãf*,+.-0/1+MÄ�J);89,h�+54�=�WG9�4�+.-8=G+$-0WG=«Z)T7/�L1+54�Å�4QL�/,V�/16�Æ�>�A�?�>�AyÇ7È ÉËÊÌ�5�,Í ACF >�A.fg�+54�¦
9<WG=�J)/�LÎ9K+./�J)OQPR9<JI4�=G+54Ï>�A&Ð ¥ +54�=G+�-0/ÎL1+54^*bV�_d_�+ m�� f0�5�Rn�-0WG=�W�-0/�/RZ)T7;0;8+54�h�+.-0WG+�L�-8+ÏN�+5\)6)+./�J)V�-86)S)+.-8=Æ�ÑiÒ�Ó&ÔÃÔufÕ 4QJIS,=�-0W�OQPc4�+.J);0-0W�-8+54�9<JI4«W�-0/�LÁ/,V14���+./�J)V�-86)S)+.-8=G+./�Æ�ÑiÒ�Ó&ÔÃÔ�Öo�5�,Í ACF >�A5fg�-8+M>�AGÐ ¥ +54�=G+�-0/dL1+54�*bV�_d_�+ m�� f0�5�Rn�;0-8+56)+./dJ);0WGT]WG+.P14�Zb-8+.;1h�+.-8=G+54�J)V�WG+.-0/�J)/�L1+54.HRJ);0W%L�J)W�N�J[­1-0_:V�_×9�4�+.-8=%-0WG=5f2�W«=G4[XJI6)=�L�J)/�/c/,V14iL�J)WiN�J[­1-0_:V�_µU.V14�*bV�_d_�+�9K+.-�f%Ø<f +)f L}fÙ Ú[ÛRÜ0¹ ¾KÝ ¹uÞ�ßvà�Þv¹uÜ8Àá /�L1+54iâ3XJ)P1+]L1+.WiN�J[­1_d-0_:V�_dW«67-0;8=�t �3m >�ACB�Dxã)>$n�?ät �3m >�ACBYn&åIÍ}ærç q1è&é%qbs&ê�ë fg�+54�L1+._ÂN�J[­1-0_:V�_Â/�XJ)OQP�WG=G+3*bV�_d_dJ)/�LÁ-0WG=iJ);0WGTdV�_ÂL1+./cì�JIS,=GT)4MåIÍ}æ é�í<îKï¨ð¨ð�è&é%qbsCê�ë Sb;8+.-0/1+54«J);0WiL�-8+.WG+.W5f2�-0/1+�+54�4�+.-0OQPR9<JI4�+]N�+5\)6)+./�J)V�-86)S)+.-8=�-0WG=«J)V1§·J);0;8+Mì«XJ);0;8+MSb;8+.-0/1+54iJ);0W$�5�,Í<ñ[>�A�ÊÌ�5�)�)�7Æ�>�AYHJ);0WGTd-0WG=iL�-8+.WG+54iì�JIS,=GT)4�j�4QJIS,=�-0W�OQP�-0_d_�+54«Sb;8+.-0/1+54iJ);0W
åIÍ ACBGò ÊÌ�5�,Í�ó�ô&ó BGBGB HL1+54d+54QWG=G+�*bV�_d_dJ)/�Lx/1+59K+./õL1+._öN�J[­1-0_:V�_ö9�4Q-0/16)=3+.-0/1+�`MT)4�4�+5S,=�V14d§�47XV�P1+.WG=G+./�Wd-0/xL1+54ø÷ ' ÷)=�J)V�WG+./�L�WG=G+./*,=G+.;0;8+M/�J)OQP�L1+._Â`MT7_d_dJbH<J);0;8+MJ)/�L1+54�+./�*bV�_d_dJ)/�L1+./ÁW�-0/�Lc/1TbOQPc+u­b=G4�+._ÂZb-8+.;KSb;8+.-0/1+54Mù8ù8ùúû¹u»Qü7¹.À 9K+.-0L1+�ý�+.-0;8+Mh�JI4�+./�P�-8+54«67;8+.-0OQPR9K+54�+.OQPR=�-86)=
_dJIS,4�T7WGS)T)j<-0W�OQP}f
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0214365879�:<; 3 :>= 143@?A5<3CB(DFE =<GH:I9 DJ1LKAM(5<3 :ON 1 ; 3 : KAM(5 9QP ?R3 : 3S1 : 3SKUTV7E�BAWX3CB(KAY�Z�[�E :>= 3CB	\83SDFWX3CB 9 ?A]<B 9Q^X_021L`L`HD 9�:F= 143SKa3cbHWX3CB(1LDF3 : ?R3S`L`H] : ?R3CB(KA]IM(5<3 :ed 5879 `4?fD 9�:F= 3 : TV7E�BAWX3CB 9 D ^ 3SKR?R3 : 1LD�g@`43S1LM(5 ; 3Ch	1LM(5i?$DJ14?a3S1 : 3SD0j79 B(DF3 ^k9�=ed�=I9 K = 143XlR3Chm3S1L`LK ; 3ChJ7] : KAM(5i?R3�\83SDFWX3CB 9 ?A]<B!no5 9 ?Cpfq 9 Kar 9�= Ds]<t = 143SKR3�\83SDFWX3CB 9 ?A]<Ba] :I9Q^ 5879�:<; 1 ;[�EuDv0j79 B(DF3 9 ]IKR? 9 ]IKAM(5wDJ14? = 3SDvTV7E�BAWX3CBFxzy�p r�p ^ 3S1a1LKRE�?A5<3CB(DF3CB N bHW 9�: KA14E :|{�} E : KR? 9�: ?~5 9 `4?R3 :�} 7E :I: 3 : p N KDs]IKAK 9 `LKREF3S1 : 36KR3S5<BU[H143S` ; B�7E�t�3CBA3�0j79 B(DF3 }Q9 W 9 yS14?�79 ? 9 `LK = 143SKR3CB ^ 3SKA14?RyC3 : p\U5<3CE�BA3C?A1LKAM(5 ^ 3SKAM(5<BA3S1 ^ 3 : h	14B = 143SKR3��H14?A] 9 ?A14E :�=I9�= ]<B(M(5 df=I9 t�h	14B = 3 : TV7E�BAWX3CB.5I1 : BA3S1LM(5<3 :I= KAM(5ih 9 M(5�DJ14?3S1 : 3SD�KR3S5<BU[H143S` ; B�7E�t�3CBA3 : � G KR?R3SD 9 `LKU0j79 B(DF3 ^k9�=�} E�WIWX3S` : ] :I=O^ 3S1 = 3~yS]�3S1 : 3SD 7� ^ 3CB(K G KR?R3SD�yS]IK 9 DJDF3 :H�P�9 KAKR3 :edI=I9 KU[�EuD��U3SKR? = 3CBU0w3S`4?U[�Eu`L`LKR?�79�:I= 1 ; 1LKREu`L143CBA?+1LKR?Cp��7]<B = 143SKR3SK 9Q^I; 3SKAM(5I`4EuKAKR3 : 3 : 7� ^ 3CB(K G KR?R3SD } 7E :I: 3 : h	14B =I9�:I:O= 143N B ; 3 ^k: 1LKAKR3 = 3CB@`43C?RyC?R3 :�^ 3S1 = 3 : T 9 Wk14?R3S` : ]<?RyC3 : p@0214B ^ 3SKAM(5<BA3S1 �^ 3 :�= 3 : TV7E�BAWX3CB = ]<B(M(5 = 143O� 9Q} BAE�[ 9 B(1 9Q^ `43 :2�m���f�A� ] :I=�=I9 Kr 9�=�= ]<B(M(5 �f�����k���A�.� pO�fEu`L]IDJ1 :I9 ] :I= \83S1L`LM(5<3 : y 9 5I`43 : KR3S143 :yS] : 79 M(5IKR?Vh	143 = 3CB P 3SKR? d KRE =I9 t�h	14BV] : K : ]<B#]ID = 3 :�N�: 3CB ; 143 �9 ]IKR? 9 ]IKAM(5wyCh	1LKAM(5<3 : TV7E�BAWX3CB~] :I= r 9�=�} 7]IDJDF3CB : Dw7]IKAKR3 : p�q@143g�3SK 9 D�?R3 : 3CB ; 143 �a�L�����
�����f�o^ `43S1 ^ ? =I9Q^ 3S1 } E : KR? 9�: ?Cp
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�¹3S1Xº,3S1 :¤^ 3S`L143 ^ 1 ; 3CB+��1 } BAE�yS]IKR? 9�:I=O= 3SK	TV7E�BAWX3CB(KCp��¹3S1 : 3 N�: 3CB ; 1436KR3S1!» ´ p¼�D�DJ1 } BAE }Q9�: E : 1LKAM(5<3 :�N�: KR3SD ^ `43 = 3SK 9Q^I; 3SKAM(5I`4EuKAKR3 : 3 : 7� ^ 3CB(K G KR?R3SDJK }Q9�:I: 3CB@DJ14? 9 `L`43 : 3CBABA3S1LM(5 ^k9 BA3 : ��1 �} BAE�yS]IKR?�79�:I= 3 :�= 3SKUr 9�= 3SKUyS]<B N�: 3CB ; 143 �f�½�¾�a�L���!¿ » ´ } EuD ^ 1 : 143CBA?�hm3CB = 3 : p$q 9 K	KA1 :I=#Àu� x �f��{ �¹?�7]IM } p��7]<B	KR3S1 : 3~Á.79 ]HÂ ;�} 3S14? ; 1L`4? 9 `LKRE
Ã ´ xÄn {$Å�Àu� x �a�L���e¿ » ´ {$�ÇÆSÈSÉeÊLËuÌ Í¡Ì§ÎkÏkÐfÑ ÏkÐ�Ò�ËuÌ Í¡Ì� ÆSÈSÉeÊLËuÌ Í¡Ì�Ñ�ÎIÓQÏkÐ�Ô8Õ Õ Õ¹ÅÇÆQÎIÓQÏkÐUÖ

×	E�B(DJ143CBA?UD 9�:�: EHM(5 d KREJ3CB ; 1 ^ ?UKA1LM(5 = 143
rmEu`4?RySD 9�:I:H� �f3CBA?R3S1L`L] :<; Ã ´ xÄn {$�ÙØÚ ÆQÎIÓQÏkÐ��ÛØÚ 3cbHW�Ü ¿ » ´Ý n½Þ � DJ14?�Ú �
ß ´ ÆQÎIÓQÏkÐ x§à¹p Ø {

q�3CB�×	E�B(DJ143CB(] :<; K P�9Q} ?RE�B�Ú
h	14B =�á ]IKR? 9�:I= KAKA]IDJDF3 ; 3 :I9�:I: ?Cpq@143srmEu`4?RySD 9�:I: [�3CBA?R3S1L`L] :<; 1LKR?U[�E :�P ] :I=I9 DF3 : ? 9 `43CB�rm3 = 3S]<?A] :<; p��H143 ; 1 ^ ? = 14360 9 5<B(KAM(5<3S1 : `L1LM(5 } 3S14?sxzBA3S` 9 ?A14[�3Á.79 ]HÂ ;�} 3S14? {U9�:edX= 3 : TV7E�BAWX3CB�1 : 3S1 : 3SD ^ 3SKR?A1LDJD�?R3 : YRâ6��1 } BAE�yS]IKR? 9�:I= ºãyS]�Â :I= 3 :ed hm3 :I: 3CB@1LDvg@`43S1LM(5 ; 3 �h	1LM(5i?UDJ14?+3S1 : 3SDä0j79 B(DF3 ^k9�=�= 3CB	\83SDFWX3CB 9 ?A]<B�nå1LKR?Cp���zæ ç�°§¦Q¦�®k¥§è¤®I¯�¦�®!éFê½ªe«$£8«�°¡ëQìií$®këOîF«�ë�®k©�ïm¥ð®
��14? = 3CB	rmEu`4?RySD 9�:I: [�3CBA?R3S1L`L] :<;F}Q9�:I: D 9�: `43S1LM(5i? = 3 :

ñRò ÆCó ºOô�õ�ö ò ÆC÷!ø ô ñ�ñ ÆSù Ã ÆCó ñ ú§û!üðýÿþ � ß ´ Ã ´ xÄn { û ´ � ØÚ ß ´ û ´ ÆQÎIÓQÏkÐ x§à¹p � {
lR3 = 3CBUWk5 G KA1 }Q9 `L1LKAM(5<3 : g�B�7E�t�3 û 3S1 : 3SKUTV7E�BAWX3CB(K ^ 3S1 = 3CB	\83SDFWX3CB 9 ?A]<B�n ^ 3CBA3SM(5 : 3 :ed hm3 :I: D 9�:�= 3CBA3 : 0w3CBA?R3û ´ ] :I=O= 143 N�: 3CB ; 143 : » ´ P 7]<B 9 `L`436KR3S1 : 36��1 } BAE�yS]IKR?�79�:I= 3@º } 3 :I: ?Cp
������� �
	���
����������� � ����� ����������� � � �
�� ��� �! ��� � �!"$# � ��%'&)( �  *� ��� � � � � �,+.-�/ 0�/ � � �213���.���54 ����+�687�
9 �!�!� �  � � �;:�:,:�!<�= � ��� � ���?>@� �  )7 � "$# � � ��� � � -@ ���  ��� � ���?� � � - � 7 �.���@1 �  ��� - 9 ���$� ���A��� � � � � �,+*��7 � �;� � "$#*� � ��>B�C� ����������� � �.��� ��� � �����EDF�.����� � ��G Ð +� �����������IH 9 � � � ��� � � "$#�� � � �!"$# ����� � 9 � � �.�CJK� 7 7 ����L 9 �  *��� ��� &.-�>M/? )7 ���!�!� �!"$# ����� � 93N.O � ��� � � � �*���$� � � �P� ��� 9 ���
Q � � 9 7 � � /



��������	��
��
����� �� �	��
�� ��� ����������! "$# �&%(' "*),+ %.-0/	-213% # %.15476.1 +98 4 ):"*;5; %.154 ) 13%=<>%.�&?@% #A" / 87#  8 '@% #B) %.4:C "$#A" �&%(/D% #�E %.154GFH " 4JI " 424 ) 13%.K "*82L - "*8NMG" KOKD%.4 "*; K ) 13%PH�13/D/D% ;58 4 +  8 '@% # %.154JQ�42KD%.�R' ; %P1 ) %.40/O15K L -7% # 15KD� ; 13% # /D% #TS  � # ?@% #.U 154 ) %.�) 13%RVW "*8NXY+ I*%.13/Z�913/ ) % #\[ % ) % # H�13I # �*6 8 KD/ " 4 ),] � # I*���9�R/ U ? # �*?@� # /O13��4 "*; 6 8 �_^P� ; /D6.� " 4247` " Ia/D� #cb$d2e$fYg 15KD/(FhZ13%.KD%.K=Q�42KD%.�R' ; %W-7%.13i*/ZI " 47��4215K L -7%Jj�%.K " �R/O-7%.13/ FRh "k"*;5; %&H�13I # �*6 8 KD/l " 4 ) % +�; %.1 L -7% # Q�47% #O+ 13% +�; %.1 L -m-> "*8NXY+] � # I*���9�&%.4 U  " 4 ) % # /	KO1 L - "*82L - ) 13%.KD%Jj�%.K " �R/O-7%.13/Bn	13%cK L -7��4 ) 13%c�913I # �*I " 47��4215K L -7%Z6(%.13/ ; 1 L -:421 L -0/(Fo ;5; %�KD/ " /O15KD/O15K L -7%.4pQ�1 + %.42K L - " `q/D%.4 ] ��4 S  � # ?@% # 4 + % + %('@%.47% # <>%.�&?@% #A" / 87#ArDsut IG ��4247%.4pKD���913/ "*8 K ) %.��I " 47�$v4215K L -7%.4:Q�42KD%.�R' ; % " ' + % ; %.13/D%(/BnP% #A) %.4GF
wTxqy z�{}|$|�~��2�����&�\�2���>{����:�}�c�.�u�(���&�\�Y������ ���u�2�0��{������� �0���2� � �� M %.42KO1 L -0/ ; 1 L - + 1 ; /

 &¡ t=¢\£
¤�¥§¦ ¥�¨B¥ £ª©« ¤�¥ ¨B¥ b d2e$fYg £ª©« ¤�¥­¬G®�¯¯ E	° b d2e$fYg £±©« ¬G®p¯ «¯ EJ° £²® ¯ e ; 4	«u³h " K	15KD/ [O" K 8 ?@% #.´
 &¡ t=¢�£²® ¯¯ E ; 4	«J¡ t=¢�£¶µ0t r ¯¯ t ; 4	«J¡ t=¢ ¡}·aF � ¢

hZ13%��913/D/ ; % # %	Q�47% #O+ 13% ) %.K S  � # ?@% # K "*; K�¸ 8 47Ia/O13��4 ) % # <>%.�&?@% #A" / 87#\t�rO¹ I " 424 )287#AL - o ' ; %.13/D%.4 ) %.KPº»� +�"$# 13/O-Nv� 8 K ) % #Z¼@8 KD/ " 4 ) KOK 8 �9�&%Z4 "*L - ) % # <>%.�&?@% #A" / 87# % # - "*; /D%.4:nP% #A) %.4GFV�13% # KD%.-7%.4:n	1 # % # KD/O� "*; K ´\) 13% ¼@8 KD/ " 4 ) KOK 8 �9�&%Z15KD/un " K +�" 476cn	1 L -0/O1 + %.K(F
wTx5½ �&�\�2���>{��Y�$¾0¿>À � �\Á�Â��\�¶Ã��§�\�Y������ ���u�2�0��{������� �0���2� � �
¡}Äp  ¢ r £ ¤�¥ ¦ ¥ ¡ ¨B¥ ®   ¢ r £ ¤�¥ ¦ ¥�¨ r¥ ®   r £ ©« ¯ r¯ E r « ®�¬ ©« ¯¯ E « ° r £ ¯¯ E ¬ ©« ¯¯ E « ° £²® ¯¯ E  hZ13%.K ;  " i*/	KO1 L -,154 ] % # K L -213% ) %.47%c¸7� # �&%.4,' # 154 + %.4 ´

¡}Äp  ¢ r £²® ¯  ¯ E £¶µ0t r ¯  ¯ t £¶µ0t r.Å�Æ ¡}·aF Ç ¢
��1 L -0/O1 + % S ��42KD%.È 8 %.476 ´ ¡}Äp  ¢Ér	Ê�ËÌU2"*; KD�

Äp   Ê ©Í Ë Î
ÏÐÐÐÐÐÐÐÐÐÑ ÐÐÐÐÐÐÐÐÐÒ

Ó ^P%.12� " I # ��KDI*�*?Y15K L -7%.4 S  � # ?@% # 4W15�Ô�! "$# �&%(' "*) 15KD/ ) 13%uQ�47% #O+ 13%ÕvK L -0n " 47I 8 4 +k] 13% ; I ; %.1547% #="*; K [ % ) %&? #A" Ia/O15K L -�% #O# %.1 L -0' "$# %&H�%(i$v+ %.4 "*8 1 + I*%.13/(FJÖN13%J- " '@%.4 +�; %.1 L -76(%.13/O1 + %.1547% + %.4 "*8 %&<>%.�&?@% #A" / 87#t ¡ ) 13% ) %.K&^ "*) %.K ¢W8 4 ) %.1547% + %.4 "*8 %,154247% # %kQ�47% #O+ 13%� ×¡ ) %.4H�13/D/D% ; nP% # /�·aF � ¢ FÓ hZ13%.K + 1 ; /�421 L -0/\`Ø 87# �913I # ��KDI*�*?Y15K L -7% S  � # ?@% #.Ua) 13%B15�Ù�! "$# �&%(' "*)KD?\ 87# ' "$# %=Q�47% #O+ 13%.K L -0n " 47I 8 4 + %.4,- " '@%.4kIG ��4247%.4GF
¡}·aF Ú ¢

hZ13%.K>15KD/ 8 42KGK L -7��4R15� ] � # 1 + %.4 Sc" ?Y13/D% ; '@% + % + 47%(/ ´TÛ � " I # ��KDI*�*?Y15K L -7% S  � # ?@% # 15�¶/O-7% # �915K L -7%.4Rj ; %.1 L - + %(n	1 L -0/# % "*; 15KO13% # %.4p? #A" Ia/O15K L -,15�9�&% #B) 13%=n " - # K L -7%.154 ; 1 L -2KD/D% S ��4 XY+�87#A" /O13��4GFÜÞÝ�ßáà$â	ãØä�ãØä�å*ä�àáäÉæ>çYèØé ßáêuë à$ì�íîßáà$â�ïaä�ë é ð�ñáä�àáòDìAñáé ä�à=óÜ}ôÉßáà$â	õÕèØà=íîßáà$â	õÕèØàZóRö$ìAå*äÉæ÷âáìAø»ø}ð�ñlæ�ä�ë å*ä�à�ù»ë æ>ë êûú�èØêuä�à(ü»àáë ð�ñ(ü>ìAßáø



��������	��
��
����� �� �	��
�� ��� ���
������! #"%$'&%�#()"%&*�,+.-0/213�!46587*9;:89;<=7?>�@BADCFE2E2GIHBJLKBM3N	C;O?PRQ*O?P�G'OSC;TVU?G'J2E2W8XY HLZ[GIH3@\DCFG]ADCFE2E2GIHBJLKBM3N	C;O?PRQ*O?P�G'O^C;O0G'C;O?G'T_U?G'J2E2W8XY HLZ[GIH�W8XY O*O?G'Oa`*Q?HBKBM0G'C;OcbedfJ2E2G'T_g Y O
hjilk�Q*O*mon%M#Xm�O?PRCFP�G'OM*moHBT Y O*C;JLKBM?G'O�pDJ2q'C;r;r;moE Y HLG'OsTtCFE�U?HLG'ueQ?G'O?qIG'Osv!wyx{z}|~ko�I�I�I�#�Bh=�,T Y `?G'r;r;CFGIHLE,NyGIHB`?G'O8�,��G'`?GIH	pDJ2q'C;r;r;moE Y HyWom�O*O`*CFG���O?GIHLPRCFGINyGIHLE2G��Rv!w2x{�8w%�ak��o�R��x{�8w}O*moE�XQ?HBr;C;KBM���m�O*O?G'M*T�G'O8�,�yGIHLG'KBM*O?G�m�r;J�U*Q*O?WeELC Y O�`?GIH	�#G'T�Z[GIHBmoELQ?Hm3��`*CFG��[Q*J2ELm�O*`*JLJLQ*TtT�G����n[�y`?G'OS��CFE2E2G'rFNyGIHLE��~Q*O*`�`*CFG�bfKBM3N�m�O?WfQ*O?P����~`?GIH���O?GIHLPRCFG��K���`*CFG���XmoHBT�GIWomoZ%moq'CFE�XmoE������� Y O?WeHLGIELC;JLCFGIHLG���Q*O*`S���¡ ¢XQ?H�v!w=|0v�£cx{PRrFG'C;KBM?G�U?HLG'ueQ?G'O?qIG'OS ¢XQ?H�m�r;rFG�pDJ2q'C;r;r;moE Y HLG'O8�?��C;O*J2E2G'C;Of¤)� Y `?G'r;r{�B�`*C;J2WfQ?ELCFGIHLG�`*CFG�A�HLG'O?qI 2Xm�r;rFGD¥c¦§¥8£©¨ |c�Rv�£,�oª�Q*O*`�¥ci§¥8£Q*O*`�J2WfCFqIq'CFGIHLG�`*CFG�U*Q*O?WeELC Y O?G'O«��x¬¥���Q*O*`S����x¬¥��B�­!®¯�°2±f²e³e´µ·¶y¸3¹'º¼»¬µB½�¾Bº¼º¼¹'¿y¿�ÀÁlÂ ÃÄ¢Å2Æ Ä¢ÅLÆ Ç Ç Ç¬È·É�Ê ËeÌ8Í ÃÏÎ�ÐÒÑ ÎÔÓFÕ3ÎoÖ©×ØeÙ{Ú ÂSÛBÎÜÁ Î ÝßÞ à Á Î ÂâáÃÄÒãRäÏåÒæoçIè)éIêìë ÄÒífî{ï)ðÔñò!ó,ôoÁ Î Â åÒæoçIè)éIê ï)ð ÃÏÎöõ åÒæoçIè)éIê{÷ Ä Â å æoçIè)éIê ï)ð× Ì å æoçIè)éIêÏøù ¶,ú[½RÀ)û;üBý¬À)½þÿÂ Ì�� ��� � Á ÂSÃÏÎ Ì��oÍ � � Á Î ÂSÃÏÎ�ÐÒÑ Î��#×Ø Ö ×

å çIè)éIê Ì ×	��

� ��� �Â����
��� �#×Ø Ö ×
å���� ï � Ì × �� þÿÂ�� �
� ð� "! Â$#%%& Ã Î � ÐÒÑ Îå çIè)éIê Ì ×��

ð 

� ��� �Â ' ���
���å ��� ï � Ì ×(ì¶*)�+µBû)¿�À-,¢µ/.�µ10·ý »2+µB» "! Â � þ� � Â �oÍ� � � þ�oÍ Â��=Ã Î � Í ÐÒÑ Îå çIè)éIê Ì ×��
ð å2çIè)éIê 

� ��� �Â���� � ����3 Ø �4�52687 Ó ����3 Ø � Ù � ð9;: È �=<?>A@�� � ��BC��� ôþSÂD���
��� Ó × 3 Ø Ö å æ ��� ï � Ù �	E äÌ	F þ ä ÂD���
���G3 Ø
HJI � � ÈLK 6 < Þ � � @ à 5 : È � Þ Ý 9;:-M ��NO< M 6 à @���N H "! Â�� Ó ����31� Ù ð å æ ��� ï � �	E äÂQPSR HUTWV � È :8: È Þ 4/7YX @ :-Z È Þ à @ X=6 H ò M � � Ê M � Z à H9;: È �=<?>A@�� � ��[C��� ôþSÂD� Ó ÐÒÑG��3 Ø Ö �
� Ù/\  "! ÂD� ø

0 1 2

0

1

CV / fk

U / f
kT E

 - 1
/2

Phononengas
Einsteinmodell

 

T / TE

0.1 1 10 100 1000
1E-6

1E-4

0.01

1

100

 

 

T / TE



��������	��
��
����� �� �	��
�� ��� ���
����� � !�"$#&%&')(+*-,/.-#&%&01(�2-23*

46587 9;:=<6>@?BA&<C?CDFEGAIHKJMLN>PORQ?C>@DSLN>TEGUWVXQ:=>KUYLNZ�:\[)]_^a`Bb�>@?CDFE Ldc�`�[fe�>@L�E Ld^a`MLN>@gBE L
h�i�jlknm�o/p qsrStvu	w-xyw{zP|
}�~�����~��{���+��~������n�{�I�{~��n�{~��{���������K�n�{����~��3�����/�N~��{~��@��~������+����������r��������F���@~������¡ ��	¢-£ ����3~����¤~�¥¡�{��¥I�����@�N~��{�����3����N�n�3��������¦��\§ �\§¨�3~����3�¨~��n�@��~��+�{�n�3��©_£���{�=�+��tl�I�N���3�{���N���@�{�n�3���3��ª¡«1�n�n�3�¬|�¦S~������3�­�������®�+�{�{�3~����K���I�{�3�¨¯�~�¥¡�{�I°
±  N�n�²£���N�����N~��³�@���3~������s´�£�� 1����¥��3~��	µS¶·�¹¸²º3���N�I�=�3�\§�»��¼�N~��3��¢-£ ��	���N�n�3�������s�¤~��S½��+���{���N~��3���3��¾��������{�����3~��1°��~������3��¯�~�¥¡�{� ±  N�n�²£���N���3� ±  �½��+�����������3�a�3~����+���\¦�¢8�����a�3��¾	~�� ±  N�B£�����N�n�_~����3�K�{~��{���� N��¦����F�Y�À¿�����µS¶Á N�N��¤~��n�n�3�����N~��3�)�¤~��S���3��Â��+¾	~����K�n�3�®µS¶�§M}����)�@~��N�

rÄÃ ��¿��)Å ¶ µS¶�����µS¶ ÆÈÇlÇ8É�Ê1ËÌÊ1ÍlÎBÊ�Ï�ÊKÐyÎÑÍvÒ&Í8Ó/ÎYÔÑÊ¡Õ_Ö+Ò²×�Ò&Í8Ö+Ò&Í8Ö3ØIÙBÊ1ÎYÚ³Î/Ò²Õ&Ó�Û6Í8ÊÜBÝ&Þ #&"$#&ßSßS0 !à� !�%)0 "láBâ&0 !à��ã# Ý !à�Bä�� � ! å�0 æ+� � Þ #&"lá{ãä�%Iç²!yèRç²!�"CéSã��� ê�!à� "�,ëCã#²��ç²0 !�ßS0 æ+� �-æ-ä�%&�-%&0 "$ìGâ&!/íÑ!�" ä�ß�á â&!�0 á1!à� '-0 Ý á1"$0 ìGâFç²0 !/ä�� á !=ë&��� ßS!���îK� %CïCð®ñ�ò�� %\óæ-ä�%&%�ô����Bç²0 !�õ3#&ßSßS!B'-! Þ �-'-!�%�ö=!à�Gç²!�%�#&%Iç)ö=!�'-!�%s÷ ð ïCð®ñ�* Ý � !�0 Ý áÑø=� %=ó�,
t � § ù@|

��~��N�n�+� ± �3�®���+�	úF�@��� ± �¤���N�1° ûy�+�{�n�3~��� N���a�@~��N�
rÌ�ü¿��	Å ¶ µS¶
ý3���)þIÿ���� ð ¿Ì���������	�u�
 �������
����� ���� �Ku���������� 
 �������R� �/�Ku��������u t � § ��|

}����	~��n�)�N~��³���K�n�{����~��s���3�)�¤�I¥¡�{�@�n¥�����~��{�����3�®©_£���{�=�+���S~����¹£�I���a�+�����\§�=k{q�p q³h�i=q�k���p q��_tvu	w-xyw{zP|�R~��S¾	~��{�n�3���� N�)���+�)���B£�����@�a�3���@�����@~��{�����3�! )���+���a�1��«1�N���¤~�¥/Ã6�N����"Ñ���n�3�K�{~���� ±  ®���3�ÈûM�I��~��I�����3�Èu	w-xyw{z ~��n��N~���¢8�{�3~��s�����+�{�@~��#��� � ¿Pu³rF§����K�{�n�N�{�3�����3�N�����+� ± ¾F�3~��n�3�TÂ����3~����¡ N���¤~�� t � § ��|S~��n�)�N~��3�����+�������

�_tvu	w-xyw{zP|M��¿��Ku������ tvu	w-xyw{zP|M��¿��Ku����%$�Å ¶ �'&1�)(\¿+* ¶�t xyw{zP|�Ku ,.- t � § /@|
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QSRUTWVUT�XPRUTWY8ZS[8\*TWR^]`_�abY&cedf YIgPRUY<XPR^aPhSRUhSRUXPR^]iRUY�jKR^kCgPRUY8Z�TIliY	mnlo]opqhSRUhSRUXPR^]iR^k�[8\iR^kratsI[8\iR^]`u f TWR^]*TIatZSvKwyx
z{abR	jKR^kCgPRUY8Z�TIliY|_�abY8p}_�abR
XPRUYIR^abTIs|atknvbRUTWVUTWR^]?c}Z�g~abTWR^v�poliY8[8\
� ]i� f gog~vtlo]ih�ZS]�R^at]���dZ�Y8kCRUX~ZSp����o�iabRUYITUx���R^]o]�poabR��
sWR^s&\oat]iYIR^at[8\iR^]op5hSY fS� atsWTU�i_�abY8p�sWR^at]�jKR^kCgPRUY8Z�TIliYIg~Z�Y8ZSkCRUTWRUY
�����~�N�
���L�y��� RUY8]oZS[8\ov�dZSsIsIabhSX~Z�Y?_'R^]oabh�poliY8[8\�piR^]��
]iRUYW�
h�abR^ZSlosWTIZSlosI[8\FkrabT<piR^k�cedf YIgPRUY � RUY�dZS]opiRUYITUx
� ]oZSv f h5�o�iabRUYIT{krZS] poZSs{[8\iR^kratsI[8\iRCu f TWR^]*TIatZSv¡�Kat]opiR^k�krZS]
V^los¢dZ�TWV^vtat[8\�jKR^atvt[8\iR^]oZSlosWTIZSlosI[8\£krabT¤piR^k¦¥	ZSp£V^lov�dZ � T¨§©R^s
kFdf hSR	ZSlos|piR^]}h�vbR^at[8\iR^]ªjKR^atvt[8\iR^]}XPR^sWTWR^\iR^]L� _�abR
piRUY|cedf YIgPRUY�«8x
��R^atvLR^s&hSY fS� atsWTU�KdZS]opiRUYIT&sIat[8\`sWR^at]�[8\iR^kratsI[8\iR^s�u f TWR^]*TIatZSv
w ��¬ m?§ �~�N�
���~­?� «PpoliY8[8\®piR^]}jKR^atvt[8\iR^]oZSlosWTIZSlosI[8\}krabT3piR^k
cedf YIgPRUY � RUY8]oZS[8\ov�dZSsIsIabhSX~Z�Y&_'R^]oabhix

Wärmebad: T 
Teilchenreservoir:  mm 

Körper

Teilchenaustausch

¥'R^atsWg~abR^vbR{¯°dliY&s f vt[8\iR?±$abTIloZ�TIa f ]iR^]L²
³q´ li¯©T&atk�µPatkrkCRUY}§¶cedf YIgPRUY�«
XPR^a f�· R^]iR^k�¸iR^]osWTWRUY?§ � TI\ok f sWg~\KdZ�YIR � ¥	ZSp ¹�º&R^sWRUY � f abY�«
³ �
atsIsI[8\ f vtvbRr§¶cedf YIgPRUY�«
ZSli¯"Y8abR^sIabhSR^k�±�RURe§¶º&R^sWRUY � f abY�«
³q´ df sIlo]ih�sWh�vbR^at[8\ihSRU_�at[8\*T®»U»U»
�¼abY � RUYI¯¶ZS\iYIR^]�_�abR^piRUY � df vtvtabhCZS]oZSv f hrV^lok�vbRUTWVUTWR^]Fc}Z�g~abTWR^v¡x

½o¾y¿�½ À�Á�Â3ÃKÄNÅLÆ�ÂKÆ
Ç�È�É*Ê�Ë~È`ÌCÆ
È�Ë~Í¤Î'ÏÐË

�¼abY'XPRUTWY8ZS[8\*TWR^]�_�abR^piRUY'R^at]iR^]eXPR^vtabRUX~abhSR^]rÑ�ab��Y f V^losWTIZS]op ­FÒWÓ piR^s	cedf YIgPRUY8sUxy��Y'_�abY8pe¯©R^sWTWhSR^vbRUhST<poliY8[8\qpoabR
jKR^atvt[8\iR^]iV^ZS\ov ­ s f _�abRrR^at]iR^]Ô±$Z�TWV Ó _'R^abTWRUYIRUYCÕ{loZS]*TWR^]iV^ZS\ovbR^]L�KpiRUYÖsIat[8\×atkØZSvtvbhSR^kCR^at]iR^]�krabT ­ dZS]opiRUYITUx
z{abR}�
]iRUYIh�abR}piR^s&cedf YIgPRUY8s<at]�poabR^sWR^k�Ñ�ab��Y f V^losWTIZS]op�sWR^a3Ù&Ú?§ ­ «8x
Û�k�krab��Y f ��ZS] f ]oatsI[8\iR^]��
]osWR^kÖX~vbRrpiR^s}Z�XohSR^sI[8\ov f sIsWR^]iR^] dÜ�XPRUY8sWÝ$sWTWR^krs®��ZS]o]×poabR^sWRUY?µPlosWTIZS]op�krabT}ZSvtvbR^] RUYW�
YIR^at[8\*X~Z�YIR^]ªÑ�ab��Y f V^losWT¢dZS]opiR^]ÖpiR^s|¥	ZSpiR^s|V^liY|jKR^atvt[8\iR^]iV^ZS\ov ­?�Ô�¼­ÖÞtßàÞ�á}­ lo]op}�
]iRUYIh�abR �y�Ô�¨�|ÞtßàÞ�á Ù&Úª§ ­ «
� f kÖX~at]oabRUYIT	_'RUY8piR^]Lx
z{ZSs�sIat]opeâ � § �y�	ÒI­?� «&±�TSdlo[I�Nx
¸�dliY�sWR^at]iR®ã?dZSl$�~hS�SR^abT&h�atvbT&ZSvts f

ä Ú?§ ­ «�åæâ � § �|ÞtßàÞ3á Ù&Úª§ ­ « ÒI­ÖÞtßàÞKáÔ­ « ��ç^è^é3êtë�ì í�ì¡î~ï~ð�êbñ'ò¶ó ñLì í�ìÐîNñ'ò×ô|õöW÷©ø^ùÐ÷oú8û ùÐü ý�
ç^è^éLêtë�ì í�ìÐó ñLì í�ìþò¶îoÿ*ê ï~ð
êbñ'ò¶î � ñ'ò�� � � å ç�îoÿ*ê ï~ð
êbñ'ò¶î � ñ'ò »

� f Y8krabRUYIT&krZS]`] f [8\L�os f RUYIh�abXoT&sIat[8\`poabR
� Y fS� ��ZS] f ]oatsI[8\iR��yRUYITWR^atvtlo]ih ä Ú?§ ­ « �	�
 R��$g�� w ­�á Ù&Úª§ ­ «

¬ m 
 krabT�
 ���
ñ

�
Ú
ç ÿ*ê � ñ<î~ï~ð'êbñ'òþò § ��� x � «

z�RUY�� f Y8krabRUY8lo]ih�sW¯¶Z���T f Y�
�_�abY8p5hSY fS� RCµPlosWTIZS]oposIsIlokrkCR hSR^]oZS]o]*TUx ���
z{abR^sWR��yRUYITWR^atvtlo]ih�h�abXoTypoabR'�×ZS\iY8sI[8\iR^at]ovtat[8\i�SR^abT&§©YIR^vtZ�TIa � R&ã?dZSl$�~hS�SR^abT°«|ZS]L��piR^]Ccedf YIgPRUYyat]ªR^at]iR^k�XPR^sWTIatkrkÖTWR^]
Ñ�ab��Y f V^losWTIZS]op Ó V^liY{jKR^atvt[8\iR^]iV^ZS\ov ­ V^l`�N]opiR^]L�i_'R^]o]FRUY�atk � vbR^at[8\ihSRU_�at[8\*T�krabT&R^at]iR^k���dZ�Y8kCRUX~ZSp�lo]op
jKR^atvt[8\iR^]iYIR^sWRUY � f abY&piRUY�jKR^kCgPRUY8Z�TIliY<mnlo]opqkrabT&piR^k�[8\iR^kratsI[8\iR^]`u f TWR^]*TIatZSv3wÔatsWTUx
Ñ�abTWTWR^vb_'RUYITWRÖlo]opF±$[8\*_	ZS]i�$lo]ihSR^]�g~\*Ý$sIab��ZSvtatsI[8\iRUY � Y�dfS� R^]`RUYIhSRUXPR^]`sIat[8\`poZSkrabT<_�abR{hSR^\oZ�XoT

����� ² ���
ñ�ó Ú

ä Ú?§ ­ « � Úª§ ­ « lo]op � � ���  � � á �!��� �#" ��$ �!� � � á �!��� � » § ��� x ) «%�&('*),+*-/.�),021�3�.546.7+�89.7: +#.7+*;<+�3�.>=�?!021#: .�4�@>A�: ?!021#.7+�46.7BDCE),F : G,=2),H#1#: ?!021#.7+�IKJ#+L4�46.7BDGE.>A5MN 1#+#F : 021#.7+PORQ



��������	��

�
������� �� �����
� ����� � ��� �����	 "!��
�����	#$�
�&%'�'��� (*)
+-,/.�0213�4 .6587 3:9<;>=>9@? 5BADCDEGFH5 =H4 5BIJ5 4LK ,/A 4NM 5BFH5 = F>AO5 4 A =QPSRUTWV@XY9 AO5 ? 5B.6Z[5 4G3�\L;H4 1; 7[5 4]9 5 =_^"3�4G3 .65 \ 5 4a`;>=>9b9>3 I�EGFH5B.cADILEGFH5 ^ , \ 5 =*\ A 3 Ced@5BA =gf'hY3�4 1; 7[5 4 F>A =>3:; I	Fe13:=HM 5 =i9 AO5]j = 5 4LM AO5 =lk&RUTWV@X	;>=>9b9>3 .cA \&3:; EGF 9 AO5m�A \J\ 5BCOn'5 4L\ 5 ;>=>9io EGF*n 3:=Hp$;>=HM 5 =l= ,$EGF K ,/.�qr1, 4 Z[5 4LK ,/C ; .65 =is�3 7 TW= ADEGF \ 5ut$ZvCDAOwBA \S3:; I M 5BILEGF 4 AO587[5 =xXGf

y{z |Qz~}�� �������W�J�����L���J�����u�

m 3:=�p�3:=>=�9 AO5BI 3:; EGF 3:;$�g3 ILIJ5 =�3 CDI 9 AO5�m�A \J\ 5BC ;>=HM 1; 7[5 4�9>3 I�IJ, M 5 =>3:=>=$�\ 5 M:4 ,:� p�3:= , = ADILEGFH5�j = IJ5B.�7vCO5 f�h AO5BIJ5BI�j = IJ5B.�7vCO567[5BI \ 5BF \�3:; I ;>= w*13 F>CDA M 5 =K , = 5BA =>3:=>9 5 4 ADIJ,/CDAO5 4L\ 5 =�hY; ZvCDA p�3�\ 5 =�9 5BIYqr1, 4 Z[5 4 I�.cA \�K 5 4 ILEGF>AO5 9 5 = 5 =Q? 5BADC �EGFH5 = w 3 F>CO5 =iV�;>=>9 A =bK 5 4 ILEGF>AO5 9 5 = 5 = m�A p�4 ,:w ; I \ 13:=>9 5 =l�@fS� CDCO5 ? 5BADCDEGFH5 =$�w 3 F>CO5 =�V�p ,/.c.65 =�K , 4�;>=>9 w ;�� 5 9 5 4�? 5BADCDEGFH5 = w 3 F>C 3 CDCO5lm�A p�4 ,:w ; I \ 13:=>9 5�@f�h AO5 4 5BC 3�\ A K 5]�U13:;$�vM:p 5BA \&9 5BI	+-, 4Lp ,/.c.65 = IS5BA = 5BI p , =Hp�4 5 \ 5 =lVi�J� n�A 4G99>;H4 EGF 9 5 =l >3�p�\ , 4
5ut$Z�¡ d V�¢<k&RaTWV@X£*¤ ¥ T�¦8§$f ) X

M 5 M 587[5 =gf m 3:=�= 5 =>=*\_9 AO5BIJ5 = ,:¨ \ª© AO7>7vI �« >3�p�\ , 4 =>3 EGF 9 5B.¬7[5 9 5 ;H\ 5 =$�9 5 = 7 4 A \ ADILEGFH5 =�o�\L3�\ ADI \ A p 5 4	;>=>9 m�A \ 7[5 M:4 1;>=>9 5 4
9 5 4 ZvF*­$ILA p�3 CDADILEGFH5 =�® FH5B.cAO5¯ f 0 f[© AO7>7vI fhY3 A =�9 5 4'M:4 ,:� p�3:= , = ADILEGFH5 =b© 5BI 3 . \ FH5BA \S3 CDCO5�m�A p�4 ,:w ; I \ 13:=>9 5 M CO5BADEGFH5 4 j = 5 4LM AO5�w ;�M 5 M 587[5 = 5 4S? 5BADCDEGFH5 = w 3 F>CM CO5BADEGF_Fe13:;$�vMbK , 4Lp ,/.c.65 =g° 13:=>9 5 4L\ ILADEGF 3:; EGF 9 AO5BIJ5 © 5BI 3 . \ FH5BA \ n�AO5cILEGFH, =_9 AO56.cA p�4 , p�3:= , = ADILEGFH5Uw85BA \ CDADEGF= ADEGF \8f
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D < Q [V=Si tVU < B i BCHKQSLNMO>{Á i pn>IB*pSH < JGHKQnp|D < Q&BO> [�< pSH ¨ >{Á =Si DCAOUyp < ACQ `�= ACLSUFACBCDFÊ i JKAC7?>IB�k `�= :ACLSUyp�7 < Bb>IQ&B i LNMDCA = LNMbDCHX>]°xACQnp < BCDCQSQSAC7v7?> < ACQl^O> =S[ HXPCp&QSHKLNMbT'>IHXpn> = MCHKB

a Ë ¸�ß*ÏÔJKB&Âà¸�ß*Ï~JKB¢áâ�ã ´ >1ä j�å Ò-d�Ù�³&´]µ3d¤·ß*Ï æ µ�ÜlÝ$kKÜ ( ·
ç�è�é 2_ê�ëì$í{î , é 0 î è ,�ï èwð , é 4¿�:A = DCHX>IQn>IQ{M < Px>IB�T�H = QSLNM i B�² = :ACMO> = DCHX>v>IHKBO² < LNMO>R°xACQnp < BCDCQSQSAC7v7?>wñ â ¸Åµ�òGó Ë · â Ø�d�ôÓPx> = >ILNMCBO>lplk `e< QByAOp c >IBbT�H =Ós >lp c p Î

Â;¸ á âÅõlö�÷ â á ´ õ�øCö�ù_ú º â » ¸ á âüû/õlö�÷ ñ â�ý â ¸ á â µ�òGó Ë õ ö�÷ · âd�ô ¸�>1ä j û òGó Ë õlö�÷ ýÓþ µ�ÜlÝ$kKÜ ) ·
`e< 7vHXp Ço¸ÔÙ�ß*Ï�JKB&Âà¸ÔÙ�ß*Ï�òGó õ ö�÷ Û Ë þ µ�ÜlÝ$kKÜIÿ�·
`e< Q�HKQnp&HKBbDO> = E < p�JKHKBO> <�= HKB Ë k
Ö�ACQ|DO>IBRÖ�P_JX>IHXpSACB [ >IBF> = M < JXpn>IBbT�H =

� d��È¸ÔÙ ×�Ç×CÒ ¸ÔÙ��ÓÇo¸�òGó õlö�÷ Ë ACBCD � a��È¸ÔÙ ×�Ç× Ë ¸ÔÙ ÇË ¸�ß*Ï�òGó õlö�÷ ¸�ß*Ï � d��Ë þ µ�ÜlÝ$kKÜ��V·
`e< Q&>IB*pSQ jC= HKLNM*p ¨ :i JKJKH [ DO>I7 < JKJ [ >I7?>IHKBO>IBb¿ < JKJ kÖ�BC7?> = U$ACB [OÎ 8¤>IBCBhD < Q�HKDO> < JX>�} < Q < ACQ�7?>IM = > = >IBvg i 7 jxi BO>IB*pn>IBRµ3EG>IHKJKLNMO>IBCQ iV= pn>IB?Px>IQnpn>IM*p�·N^ [ HKJXp�µ�ÜlÝ$kKÜ��V·²�:A =�s >IDO>�>IHKB c >IJKBO>IBvg i 7 jxi BO>IB*pn>V^yD < DCHX>�EG>IHKJKLNMO>IBhBCHKLNM*p�T'>ILNMCQn>IJXT�H = UV>IB�kÈÖ�DCDCHXpSH i B [ HXPCp�²�:A =DO>IB�}�>IQ < 7{pSD = ACLSU

� a��È¸§á ® � a_®���¸�ß*Ï d Ë Ð T i Px>IH-d ¸§á ® � d{®��È¸ }�>IQ < 7{pnpn>IHKJKLNMO>IB c < MCJ k µ�ÜlÝ$kKÜ
	�·
` >IBWm'>IHXp =N<�[ a_® ¨Vi BWg i 7 jxi BO>IB*pn>¢© c AC7�}�>IQ < 7{pSD = ACLSURBO>IBCB*p&7 < BRHKM = >IBFÁ <�= pSH < JKD = ACLSU�k
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��µî+ö��`î+ñ õ 
��µî+ö� 
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�����î+ñ ò�î+ögí9õ ñ 
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��Jò�þ+ø&���	�µî(�`î+ÿ*)�î�ïró�ò�ø9ï�î+ö�û,+.-0/'1µí/òró�ò�ùHúó�
��µõ ñ 
��"��î�ï�ögó�
��µõYúóTùØùØñ ô	�gó�ï$�
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BDC(EGF>H<E*I(CKJMLNLOC(E*BQP3E*RSJMBUTWVSBUTXE*BQY[Z\ BUTXE*BQRSJ]E_^�J]TXE*BSIK`�Y \�a C(E*BQE*JMBUE*I
b \ I(E*I9E*BDCKIK`�YUE*JMRUE*BSRcR \*dXe B \ Hgf e HhRSJ]Eb \ I(C(E*JMiM`�YUE*BcjUEGF�LNJ e BUE*B e RUEGF>P e I e BUE*BcIKJMBSRkfUL \ BQI(lSF�JM`�YDC9R \ BSB dXe BnmoV \ BDC(E*BUT \ I(E*Bkp
q�r�stq uwvSxDy{z}|�~��������[��vU�[vSxX�Xv�zt�t~����
�{J]F@H<EGC(F \ `�YDC(E*B�E*JMBQb \ I \ VSI�E*JMBUEGF
� e FKC(E�JMRUE*BDCKJMIK`�YUEGF9�[E*JMiM`�YUE*Bkp�b \ BU� e YSBUEo��E*`�YSI(E*i]�>J]FK��VSBUT��NZVUF�RUE��(E*RUE*I�[E*JMiM`�YUE*BhR \ VUEGF�Y \�a C
JMBQE*JMBUE*L�RUEGFo^�JMBDC(E*JMiM`�YUE*B��!�<VSI(C�Z\ BSRUE_��IKJ]C(�GE*Bkp>�hJ]C>��E*`�YSI(E*i]�>J]FK��VSBUTN�,BSRUE*BcYSJMBQVSBSR�>J]E*RUEGF���C�ZeX� EnI(C \ C(CGp �oJ]E*I(E d EGFKC(E*JMi]E*B¡RSJ]Ec�[E*JMiM`�YUE*B¢�G�>JMIK`�YUE*B¡RUE*B{�<VSI(C�Z\ BSRUE*B£VSL�p¤� \ RSVUF�`�Y¡� \ BSB£IKJM`�YE*JMB�boi]E*JM`�YUTXEG�>JM`�YDC
E*JMBSI(C(E*iMi]E*Bkp>�oJ]E¦¥�Z\ V���TX�XE*J]C�RUEGF_��C�ZeX� E�Y[Z\ BUTXC dXe BnRUEGF_��C�Z\ FK�XE�RUEGF
��E*`�YSI(E*i]�>J]FK��VSBUT \ Hgp�{J]F
H<E*IK`�YUF�Z\ BU�XE*BnVSBSI \ V a YSJMBUFKE*JM`�YUE*BSRQIK`�YD� \ `�YUE���E*`�YSI(E*i]�>J]FK��VSBUTUfkI e R \�� JMB��(E*RUE*L§�,E*J]C(l�VSBU��C a}\ I(C \ iMi]E�[E*JMiM`�YUE*B£JMB¢JMYUFKE*L¨^�JMBDC(E*JMiM`�YUE*BU�*VSI(C \ BSR¢IKJ]C(�GE*B£VSBSR¢B�VUF�E*JMBUE d EGF�B \ `�YSitZ\ IKIKJ]TXH \ FKEQ�hJMBSRUEGF�YUE*J]C¦TXEGF \ RUEcLNJ]C��C�ZeX� E*BQH<E*IK`�Y[Z\�a CKJ]TXC>JMI(CGp�{J]F�TXFKE*J a E*B¦B�VSBOE*JMBUE*BOH<E*iMJ]EGH�J]TXE*BO^�JMBDC(E*JMiM`�YUE*B��!�<VSI(C \ BSRO©OLNJ]C�RUEGFw^�BUEGFKTWJ]E3ª�«9YUEGF \ VSIGp�¬
iMi]E3�[E*JMiM`�YUE*B¦JMBORSJ]E­�I(E*L®E*JMBUE*B��<VSI(C \ BSROH�JMiMRUE*B�E*JMBO��i]E*JMBUE*I[�[E*JMiMI(¯�I(C(E*L®RUE*Iwb \ I(E*IGpw�oVUF�`�Y�RSJ]E���C�ZeX� E@Y \ C�E*I�IK`�YD� \ `�YUE*B��[E*JMiM`�YUE*B��VSBSRQ^�BUEGFKTWJ]E \ VSI(C \ VSIK`�YcLNJ]C>RUE*L�F�J]E*IKJ]TXE*BQ°9E*I(C
RUE*Iob \ I(E*IGf<RUEGF \ iMI9E*JMBQ��Z\ F�L�EGH \ RhVSBSRQ�[E*JMiM`�YUE*BUFKE*I(EGF dXe J]F�>J]FK��CGp�oJ]E*I
JMI(C9TXE*B \ VnRSJ]EOJMBQ± \ l�J]C(E*i�² �´³ ±�Ze FKl<EGF
JMBQ��Z\ F�L�EGH \ RhVSBSRc�[E*JMiM`�YUE*BUFKE*I(EGF dXe J]F�µ�H<E*Y \ BSRUE*i]C(E���J]CKV \ CKJ e Bkp^�BDCKI(lSFKE*`�YUE*BSR�H<EGC(F \ `�YDC(E*B¶�>J]F3R \ I�TXF eX� � \ B e BSJMIK`�YUEo· e C(E*BDCKJ \ ikRUE*I3�[E*JMiMI(¯�I(C(E*LNI�RUEGF��[E*JMiM`�YUE*B¶JMB��<VSI(C \ BSR¶©,p�<VN�(E*RUEGF¦� \ YSi�¸ dXe B¹�[E*JMiM`�YUE*B�JMBhRSJ]E*I(E*Lº�<VSI(C \ BSRhTWJ]HSCoE*I�B�VUFoE*JMBUE*B��hJ]��F e �*VSI(C \ BSRnRSJ]E*I(E*I��[E*JMiMI(¯�I(C(E*LNIVSBSR�RUE*IKI(E*BQ^�BUEGFKTWJ]E�JMI(C@TXEGF \ RUEO¸¼»*ª�«Dp�� \ LNJ]C9itZ\ V a C9RSJ]Eo���!��VSLNL�E_JMB¹½!² � p ¾�¿@i]EGEGF*À ÁKÂ

Ã «�Ä®Å
©DÆhiMB9Ç@«oÄ®Å
©DÆhiMB>ÈÊÉ�ÈtË¨ÌGÍDÎ Ï É@Ð�Ñ�Ò Î É3ÓÔÓ Ä®Å
©DÆhiMB>ÈÊÉºÌGÍDÎ Ï ÐSÕ(Ö­ÓÔÉ × ½!²*Ø�pM²�¿
�oJ]E��3E*J]C(EGFKEO¬
VSI(�3EGFKCKVSBUTNVSBDC(EGF�IK`�YUE*JMRUEGC9IKJM`�Y a ZVUF9jUEGF�LNJ e BUE*BQVSBSR�P e I e BUE*BkpP3E*JgjUEGF�LNJ e BUE*BQitZ\ V a C9¸º�3EGTXE*BcRUE*I9· \ VSiMJ]lSF�JMBU�*J]l�I�B�VUF�ZVUH<EGF9RSJ]Eo��EGFKC(E � VSBSR�²�f \ iMI e

Ã «�Ä®Å
©DÆhiMB¶ÙW²�Ú¢ÌGÍDÎ Ï ÐSÕ(Ö­Ó�Û × ½}jUEGF�LNJ e BUE*B,¿ ½!²*Ø�p ÜW¿
P3E*J3P e I e BUE*B´YSJMBUTXEGTXE*B´L¦V � RSJ]ENTXE e L�EGC(F�JMIK`�YUE�°9E*JMYUENH�JMI¦Ý \ H�IKVSLNLNJ]EGFKC��3EGF�RUE*BkpQ� \ I¦� e B d EGFKTWJ]EGFKC a ZVUFÞ�ß ª�«¦VSBSR�TWJ]HSC

Ã «�Ä Ú�©DÆhiMB¶ÙW²�Å´ÌGÍDÎ Ï ÐSÕ(Ö­Ó�Û × ½}P e I e BUE*B,¿ ½!²*Ø�p ØW¿
� \ I>TWJMi]C a ZVUF��(E*RUE*BQ^�JMBDC(E*JMiM`�YUE*B��!�<VSI(C \ BSRQ©,p@� \ RSJ]E*I(EOI(C \ CKJMI(CKJMIK`�YcVSB \ H�Y[Z\ BUTWJ]TNIKJMBSRkfUEGF�Y[Z\ i]C9L \ BcR \ I9TXF eX� �� \ B e BSJMIK`�YUE_· e C(E*BDCKJ \ i[RUE*I@TXE*I \ LOC(E*B�b \ I(E*I9E*JMB a}\ `�YcRSVUF�`�Y�¬>H�IKVSLNL \ CKJ e B´ZVUH<EGF>©,À

Ã Ä È « Ã «oÄ à�©DÆ�È « iMB�ÙD²�á¢ÌGÍDÎ Ï ÐSÕ(Ö­Ó�Û â jUEGF�LNJ e BUE*BP e I e BUE*B ½!²*Ø�p ¾�¿
�oJ]E_LNJ]C(CKi]EGFKE_�[E*JMiM`�YUE*BSRSJM`�YDC(E_JML�b \ I9�>J]F�R�R \ LNJ]C

ã À Äåä ¸�æç Ä®Å ²ç¡è Ãè Þ
Ä á ©DÆç È « á
é�Ì ÍDÎ Ï ÐSÕ(Ö­Ó²3á¢Ì ÍDÎ Ï ÐSÕ(Ö­Ó Ä ²ç È « ²Ì ÍDÎ Õ(Ö*Ð Ï Ó á{² Ä ²ç È «ëê « × ½!²*Ø�p ìW¿

í#î!ïñðtò %-� ò ��ó�ô(õ­�-$oô�"� !ö�ó�ôK÷9$�. �!ø9ô�$�ó>ó��!$ ï $�ó��Êù>ú>ø@. û[ó��Ê�[ü,�-� û�ý!ø9ô�$�$�þÔÿw�-$� }ûtô�$Gû��wú>õ­�Ê���<� ðtò  #�!� û()
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��4 $;:  " "���-/-<>=)��,). $ =5/?,)��,5,@ :A$ ,B'5����CD�*!E "���-/-25, % 4"FG25,)HI E��JK,

L&M�N ��PO�Q(R S�TGU M�VXW�Y[Z)\ � ] ^ �*! : �`_�J�')�*! $ 25<>= ^ �*! : �`_a����! $ <b_[CD�*!E "���-/-25, %��JK4"�P_�J�')�*! $ 25<>=1��JK4"�P_ac��-,54" "���-,�_[CD�*!E "���-/-25, % T ��dIe � Y
������f3���-')��,gCD�*!E "���-/-25, % 4"FG25,)HI E��JK,)��,825,@ "�*!>4E<>=)���-')��,B4E�-<>=B,I2)!h'52)!><>=i' $ 4+CDJ;!E.*���-<>=)��,1')�*! � � :kj ��,5,)�*! e � $ 4�-4" l���-,8H�/����-,)�*!+m
,@ "�*!>4E<>=5����' : �� % !EJ;n;��,1o�JK,54"��pI2)��,).*��, e

�����5')�*!rq?sIt&uwvyxzsIt6{6s�vG|G}�~?�A�-4" D'5����4"��4�CDJ;!E.*���-<>=)��,AQ3J&_4E�� E��� e ^ JK/ % /-�-<>=��-4" �')�*! j ��,5,)�*!A� :A: �*! % !�#J;n;�*! $ /-4 �25,5'���4 % �-/� ���� L&M � �&�D� ���AFb#2)! ^ �*! : ��JK,)��,�.�2��*!"_� $ !E "��, e
���* "! $ <>=@ "��, � ��!�,I25,�'5��� ^ �*! : ���;�*!E "���-/-25, %�$ /-4 ^ 25,)HI E�`_JK,�')�*!�c�,)�*! % ����,�U M e c�4 % �-/� L&M�� � Fb#2)!?U M)V�W���V��25,5' L&M�� ��Fb#2)!DU M�V�W���� e �
�*! #mhf3�*! %K$ , % 4"f3�*!E���-<>=. � �-4E<>=)��, � 25,5'���/-��� %  �2 : U M�N�W =)�*!>2 : ��� JL&M(N �6�&� �-4" 
25,5'1= $  
���-,)�(��!E���� "�(�;JK,�')�*!��
!>'5,I25, %7@� e
� :�� � : �� �� � � � ��!>' L&M ���-,)���I E2)F���,)FG25,)HI E��JK, e�� /-/��03254" 6#$ ,5')� : �� (U MX� W 4E�-,5'�' $ ,5, : �� % ��, $ 2����-,)� :¡ ���-/-<>=)��,¢f3��4"�* ".* � $ /-/�� : �� gU M¤£¥W 4E�-,5'¢/��*�*! e �����Fb#2)!(� � �X=?#JK<>=54" "�if3��4"�* ".* "�1c�,)�*! % ���i=)����n; ^ �*! : �`_c�,)�*! % ����U6¦ e������')�*!l§�¨ª©�s@xzsIt6{6s�vG|G}�~?�B�-4" �' $ 4�CDJ;!E.*���-<>=)��,i')�*! � � :«j ��,5,)�*!l,)� %K$  E��� e � $;: �� L&M Fb#2)! $ /-/���7AQ3JK4E�� E���A25,5'��,5'5/-�-<>=gfª/�����f5 � : 2)n % ��/� "��, WX� : �-, M U M eD¬ ��,5, W '5�-<>=@ l25,@ "�*!+')� :®­ �-,5� : 2 : ')�*!+c�,)�*! % ����,8�-4" ��� ��!>'8'5�������4"�* ".�25, % ')�*!l E���*FG4" "��,�03254" 6#$ ,5')��4"��=)! % !EJ;n e

������f3���-')��,iCD�*!E "���-/-25, % 4"FG25,)HI E��JK,)��, � �*!>')��,1�-,1')�*! � f5fª�-/-'525, % �;�*! % /-�-<>=)��,¯T $ 254
')� : o��� " "��/�R � ZGY e �
��2) E/-�-<>=�-4" ��-=)!�25,@ "�*!>4E<>=5����'5/-�-<>=)��4�CD�*!>= $ /� "��,¯Fb#2)!�U V¢W°� 7@�k.�2¯4"��=)��, e ­�$ ,�,)��,5,@ �9 $ 4"�i��,@ $ !E "�* � f3����')��,)��,� ��4"��,@ E/-�-<>=)�������� "!�#$&% ��.�2)!l���-<>=@ "� $ 254l'5����4"� : ���*!E���-<>=8H;J :A: ��, e c�4l�-4" �.�28�*! � $ !E "��, � ' $ nA4E�-<>= ^ �*! : �`_r25,5'��JK4"� %K$ 4"���-,i'5����4"� : ���*!E���-<>=125,@ "�*!>4E<>=5����'5/-�-<>=g�;�*!>= $ /� "��, e
� : ��,@ % � % ��, % ��4"�* ".* "��,�9
!E��,).*F $ /-/±4"Qª����/� l'5��� � � :®j ��,5,)�*!+���-,)� % �*!>�-, % ��²+JK/-/�� � ��4 % �-/� l')�*!

H�/ $ 4E4E�-4E<>=)�(9
!E��,).*F $ /-/´³ L&M�µ·¶&¸5¹@º »"¼*¸5½&¾ Fb#2)! ^ �*! : ��JK,)��,B25,5'i��JK4"JK,)��, � F $ /-/-4lU MhV�W�¿ 7@�hÀ T ��dIe Á Y
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$ Î Ó[ÞlÒ ÐÈÓ[à�Ë�ábù´Ë�ÐÂË�Ë�ÐÈÓÒ Ë�â ¼ ê-û�í3Ù6ÓaÊ>Ì*Ï[Ò ù´öaÑ�ìDÒ ùGÏ"ë
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